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1. Introduction 
 
1.1 Helix – helical chirality in nature 
 
 It is generally accepted that homochirality is one of the most fundamental 
aspects of life on the Earth.1 The sugars such as deoxyribose and ribose in DNA and 
RNA, respectively, that contain and transfer the genetic information are all right-
handed and the 20 amino acids (except for glycine) that form the proteins also share 
a common relative configuration. In April 1953, James Watson and Francis Crick 
presented the structure of the DNA-helix (Picture 1.1). Nine years later, in 1962, they 
shared the Nobel Prize in Physiology or Medicine with Maurice Wilkins, for solving 
one of the most important of all biological riddles. The helix, or spiral, is an inherent 
feature of the DNA molecule and inspires chemists, technicians and artists time out 
of mind.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                       James Watson and Francis Crick 
 
 
 
Picture 1.1 
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Helicenes, the most common representatives of small helical molecules, are 
ortho-condensed polycyclic aromatic compounds in which benzene rings or aromatic 
heterocycles are angularly annulated (Figure 1.1). Chirality of helicenes results from 
the fact that clockwise- and counterclockwise-handed helices are non-
superimposable. The two enantiomeric forms of helicenes are distinguished by 
stereochemical prefixes (P) (for the right-handed helix) or (M) (for the left-handed 
helix) (Figure 1.2). The chemistry of helicenes has attracted continuing attention 
because of their unique three-dimensional structure and interesting spectral and 
optical features, which predetermine their use in enantioselective catalysis,2 
molecular recognition,3,4 nonlinear optics,5 molecular electronics and photonics. 
Moreover, most helicenes are chemically stable, sufficiently soluble in organic 
solvents and resistant to configurational scrambling. 
 
 
 
 
 
 
 
Figure 1.1 
 
 
 
 
 
 
 
 
                            
                      (P) enantiomer of hexahelicene 
Figure 1.2 
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1.2 Synthesis of helicenes 
  
 The first preparation of configurationally stable helicene was reported by 
Newman and Lednicer in 1956.6 In the eleven-step synthesis they obtained 
[6]helicene with 4 % overall yield. A number of methods for the synthesis of small 
helical molecules (with up to 7 rings) have been published in the literature afterwards. 
The photochemical methodology developed by Mallory et al.7,8 was widely exploited 
by Martin.9,10 It rests on the intramolecular photodehydrocyclisation of stilbene-type 
precursors. The reaction was effected using irradiation with aerial oxidation by 
catalytic amounts of iodine.  
 
 
 
 
 
 
 
 
 
 
 
 
Scheme 1.1 Reagents and conditions: 
(a) air, hν, I2, benzene, 66 % 
(b) air, hν, I2 (cat.), benzene, <4 %  
(c) I2 (2.0 eq.), propylene oxide (excess), hν, benzene, 71 % 
 
Reflecting serious drawbacks of this procedure, Katz et al. designed an 
improved protocol11-13 that uses a stoichiometric amount of iodine in the absence of 
air. As a high concentration of generated hydrogen iodide would lead to 
photoreduction of double bonds and other undesirable reactions, propylene oxide 
was added as a scavenger (Scheme 1.1). 
Due to several limitations, e.g. a large excess of reagents and high dilution 
conditions required, novel non-photochemical strategies have appeared since the 
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early nineties such as the elegant Diels-Alder approach14,15 by Katz et al. (Scheme 
1.2, method 1), the carbenoid coupling by Gingras and Dubois,16,17 which allowed the 
first nonphotochemical preparation of [7]helicene (Scheme 1.2, method 2), double 
radical cyclisation by Harrowven18-20 (Scheme 1.2, method 3) and 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Scheme 1.2 Reagents and conditions: 
(a) toluene, 50 % 
(b) LiHMDS (excess), THF/HMPA, 75 % 
(c) Bu3SnH, AIBN (cat.), 58 % 
(d) Grubbs II (0.001 M), CH2Cl2, microwave heating, 80 % 
 9 
a
b, c
MeO
OMe
n-Bu
n-Bu
MeO
MeO
n-Bu
n-Bu
OMe
R = OH, OTf, CO
2
Me, NCPh
2
, NH
2
, NHPh, PPh
2
, SC(O)NMe
2
 
MeO R
entry 1
entry 2
a ring-closing olefin metathesis methodology to construct [5]-, [6]- and [7]helicene by 
Collins21 (Scheme 1.2, method 4). 
Searching alternative synthetic routes towards helical molecules, Stará, Starý, 
and co-workers have developed a straightforward synthetic approach,22 which 
exploits atom-economic isomerisation of aromatic cis,cis-dienetriynes under transition 
metal catalysis (Scheme 1.3, entry 1). As was recently reported, this methodology 
based on [2+2+2] cycloisomerisation of aromatic triynes is considerably versatile and 
allows the preparation of a number of fully aromatic helicenes, as well as a variety of 
functionalised helicenes and helicene-like molecules23-26 (Scheme 1.3, entry 2). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Scheme 1.3 Reagents and conditions: 
(a) Ni(COD)2, PPh3, THF, rt, 61 % 
(b) CpCo(CO)2, PPh3, decane, hν, 140 °C, 68 %  
(c) Ph3CBF4, DCE, 80 °C, 99 % 
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1.3 Synthesis of nonracemic helicenes 
 
 Nonracemic helicenes might find applications in various branches of 
chemistry. Therefore, an efficient preparation of the individual enantiomers in high 
optical purity is an important task in chemistry of helicenes. In 1956, Newman 
obtained the first optically pure [6]helicene by resolving the racemate using repeated 
crystallisation of a corresponding π-π complex with optically pure (-)-TAPA.6,27  
The resolution of racemate by HPLC on a chiral stationary phase3,28,29 is an 
effective and universal method for obtaining both enantiomers in an optically pure 
form, yet very high price of a majority of commercially available chiral columns 
handicaps this procedure. Derivatisation of racemic helicen-1-ols with (S)-(-)-
camphanoyl chloride and subsequent chromatographic separation of formed 
diastereoisomers on silica gel was reported by Katz.30 So far, this is the best 
preparative approach to nonracemic helicenes with hydroxy substituent at position 1 
at all (Scheme 1.4). 
 
 
 
 
 
 
 
 
 
 
 
 
 
Scheme 1.4 Reagents and conditions: 
(a) Na2S2O4, R*Cl, Et3N, chromatography on silica gel, 90 % 
(b) 1. MeLi or n-BuLi, 2. chloranil, 88 % 
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Another method, published by Stará et al., relies on resolution of a 1,1-
binaphtyl derivative and a subsequent Stevens rearrangement-Cope elimination 
sequence leading to optically pure (P)-(+)-[5]helicene (Scheme 1.5).31 
 
 
 
 
 
 
 
 
Scheme 1.5 Reagents and conditions: 
(a) n-BuLi, THF, -20 °C, 95 %, >99 % optical purity 
 
Asymmetric synthesis of helicenes is the most straightforward and elegant 
approach developed to date. A diastereoselective coupling process, which starts from 
optically pure centrally chiral blocks, is reported by Tanaka using Stille coupling of 
biaryl units bearing chiral (S)-valinol moieties32,33 (Scheme 1.6, method 1). 
Photodehydrocyclisation of stilbene-type precursors was carried out by Martin34 and 
Katz35 who used stereocentre(s) external or internal to the helix to control 
stereoselectivity of helicene cyclisations (Scheme 1.6, method 2). Carreño et al. 
reported the preparation of non racemic helicenes via asymmetric synthesis based 
on Diels-Alder reaction of a vinylphenanthrene derivative with quinone bearing a 
chiral sulfoxide moiety36-38 (Scheme 1.6, method 3). Stará and Starý described a 
significant central-to-helical chirality transfer in diastereoselective Co-mediated 
[2+2+2] cycloisomerisation of aromatic triynes leading to nonracemic [5]-, [6]- and 
[7]helicene-like compounds39,40 (Scheme 1.7).  
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Scheme 1.6 Reagents and conditions: 
(a) PdCl2(PPh3)2 (cat.), THF, 65 °C, 68 % 
(b) I2, toluene, hν, -78 °C, 58 %  
(c) DCM, -20 °C, not isolated 
(d) DDQ, rt, 88 % 
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Scheme 1.7 Reagents and conditions: 
(a) CpCo(CO)2, PPh3, dioxane, 120 °C, 66 % 
 
The first truly enantioselective synthesis of a helicene derivative was 
successfully demonstrated by Stará using Ni(0)24,41 catalysed [2+2+2] 
cycloisomerisation of a triyne in the presence of (S)-(-)-BOP as a chiral ligand 
(Scheme 1.8). Recently, Tanaka using similar strategy in the presence of Rh-catalyst 
and (R,R)-Me-Duphos42 as a chiral ligand obtained several helicene-like molecules 
with high enantioselectivity (Scheme 1.9). 
 
 
 
 
 
 
 
 
 
 
 
Scheme 1.8 Reagents and conditions: 
(a) Ni(COD)2, (S)-(-)-BOP, THF, -20 °C, 81 % 
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Scheme 1.9 Reagents and conditions: 
(a) [Rh(COD)2]BF4, (R,R)-Me-Duphos, CH2Cl2, 40 °C, 71 % 
 
1.4 Applications of helicenes 
 
 In the eightieth, Martin et al. applied helicenes in asymmetric synthesis as 
chiral auxiliaries (e.g. in diastereoselective reduction of α-keto ester43 and ene 
reaction44) or chiral reagents (in hydroxyamination or epoxidation of olefines45) with 
remarkable success (Scheme 1.10). 
 
 
 
 
 
 
Scheme 1.10 
 
 Excellent results were obtained with helicene-based phosphites in asymmetric 
hydrogenation by Yamaguchi46 (Scheme 1.11, reaction 1). Bisphosphine prepared by 
Reetz was used in kinetic resolution in Pd-catalysed allylic substitution47 (Scheme 
1.11, reaction 2). Katz and Soai et al. reported diorganozinc addition to aldehydes. 
Soai et al. used asymmetric induction48 by unsubstituted [5]helicene and [6]helicene 
for the addition of diisopropylzinc to a pyrimidine aldehyde (Scheme 1.11, reaction 3). 
The finding that helicene additives with ee as low as 0.13 % provide the product in 52 
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% ee put the role of helicene just to induce asymmetry in the initially formed zinc 
alkoxide of the product which then acts as an autocatalyst with high amplification of 
ee. Katz successfully applied a dimeric helical diol, [5]HELOL, as a chiral ligand for 
the addition of diethylzinc to aldehydes49,50 (Scheme 1.11, reaction 4).  
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Scheme 1.11 Applications of helicenes in asymmetric synthesis 
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Properly substituted nonracemic helicene, having both electron-rich inner rings 
and electron-deficient outer rings, can aggregate spontaneously to create the twisted 
columnar assembly;51-53 the pure material with a unique, long fibrous morphology, 
enormous circular dichroisms and specific rotation (Figure 1.3). Furthermore, the 
organisation into columns has made it the first helically twisted columnar discotic 
liquid crystal54 (Figure 1.4).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.3 
 
 
 
 
 
 
 
 
 
Figure 1.4 
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Another area of possible application of helicenes is chiral recognition and 
sensing. Diederich used the [7]helicene-based helicopodand4 in molecular 
recognition of dicarboxylic acids with high diastereoselectivity (Figure 1.5). 
Nonracemic helicene diol ((-)-HELIXOL) prepared by Reetz3 is an example of an 
enantioselective fluorescent sensor of chiral amines. A more versatile system for 
recognition of optical anitpodes was reported by Katz.49 Enantiomeric ratio of various 
chiral alcohols, amines, phenols and carboxylic acids could be determined by 31P-
NMR measurements after their derivatisation with a [5]HELOL phosphorochloridite 
(Scheme 1.12, entry 1). Crown ethers modified with helicenes55,56 were successfully 
used by Yamamoto et al. for enantioselective transport through liquid membranes 
(Scheme 1.12, entry 2). 
 
 
 
 
 
 
 
 
Figure 1.5 Structure of [7]helicene-based helicopodand 
 
 Suqiyama and Tanaka published structural selectivity in binding of (P)-
thia[7]heterohelicene to the left-handed Z-form of DNA,57 which is shown in circular 
dichroism (CD) spectra of (P)-thia[7]heterohelicene (Figure 1.6). The 70 % decrease 
in intensity of the CD spectrum is significant for binding to Z-DNA, whereas practically 
no change occurs when binding to B-DNA. In contrast to this stereoselection, (M)-
thia[7]heterohelicene shows no such discrimination. 
 Kelly designed the first chemically powered rotary molecular motor based on 
helicene structure (Scheme 1.13).58 It uses a fuel rich in chemical energy (phosgene) 
to channel background thermal energy into a unidirectional rotary motion. Despite his 
first promising results, later attempts at the improvement of the molecular system to 
achieve the continuously rotating motor have not yet met with significant success. 
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Scheme 1.12 Applications of helicenes as chiral sensors 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.6  
CD spectra of (P)-thia[7]heterohelicene (a) and (M)-thia[7]heterohelicene (b)            
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 Scheme 1.13 The attempt at a chemically powered rotary molecular motor 
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2. Goals 
 
The aim of this thesis was to explore the diastereoselective synthesis as a 
general methodology for the preparation of helicene-like molecules in their 
nonracemic form. Further goal of this work was to develop an original approach to the 
synthesis of helically chiral ligands and utilise them in asymmetric catalysis. 
 
In particular, the goals were: 
 
 to synthesise the [7]helicene-like compound (P,S)-(+)-10 via [2+2+2] 
cycloisomerisation of triyne (S)-(-)-9 (Scheme 2.1). 
 to synthesise the methoxy-substituted helical compounds (P,S)-(+)-15, (P,S)-
(+)-26, (P,S)-(+)-31 and (M,S)-(-)-38 with defined helicity via [2+2+2] 
cycloisomerisation of the centrally chiral triynes (S)-(-)-14, (S)-(-)-25, (S)-(-)-30 
and (R)-(-)-37, respectively (Scheme 2.2). 
 to synthesise the functionalised helical compounds (M,S,S)-(-)-48 and (P,S,S)-
(+)-51 via [2+2+2] cycloisomerisation of triynes (S,S)-(-)-47 and (S,S)-(-)-50, 
respectively (Scheme 2.3). 
 to synthesise the helically chiral phosphites (P,S)-(+)-59, (P,S)-(+)-60, (P,S)-
(+)-61 and (P,S)-(+)-62 (Figure 2.2), prepared by the reaction of 1-hydroxy-
substituted hexahelicene derivative (P,S)-(+)-52 with the corresponding 
phosphorochloridites 54, 56, 57 and 58 (Figure 2.1). 
 to utilise phosphites P,S)-(+)-59, (P,S)-(+)-60, (P,S)-(+)-61 and (P,S)-(+)-62 as 
ligands in asymmetric synthesis, namely in hydroformylation reactions and 
allylic aminations. 
 to synthesise heptahelicene rac-89 via aromatisation of 
tetrahydroheptahelicene rac-88 and separate it into single enantiomers 
(Scheme 2.4). 
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3. Diastereoselective synthesis of helicene-like molecules 
 
 As described in Chapter 1, different approaches to the synthesis of 
enantiomerically enriched helicenes have been explored. Despite the remarkable 
progress in helicene chemistry, the development of an efficient methodology for the 
preparation of optically pure helicenes or helicene-like molecules remains a 
challenge. 
 An innovative approach to helical molecules based on [2+2+2] 
cycloisomerisation of aromatic triynes under transition-metal catalysis has been 
developed in our laboratory.22-26,59-61 It has been demonstrated that this approach is 
general and allows the synthesis of a broad spectrum of 
unfunctionalised/functionalised helicene derivatives. We have proven that the centre 
of chirality in a triyne molecule can control stereoselectivity of the cyclisation and, 
accordingly, helicity of the product.62 Therefore the [2+2+2] cycloisomerisation step 
can produce helicene-like molecules in promising diastereomeric ratios. 
 
3.1 Synthesis of [7]helicene-like molecule 
 
Using the modular and convergent approach, we have recently prepared a set 
of unsubstituted/p-tolylsubstituted [7]helicene-like molecules.39,63 We have observed 
the high stereocontrol in the [2+2+2] cycloisomerisation step. Therefore, we decided 
to synthesise the related [7]helicene-like compound (P,S)-(+)-10 (Scheme 2.1), which 
represents a new structural type of possible liquid crystalline materials.  
The synthesis of (P,S)-(+)-10 started from phenylbromide 1 that was 
transformed via routine lithiation/iodination into iodide 2 in good yield (Scheme 3.1). 
The subsequent coupling of 2 with the propargylic alcohol (S)-(-)-3 under PdII/CuI 
catalysis gave rise to alcohol (S)-(-)-4. Its potassium salt was treated with the 
benzylic bromide 564 to afford (S)-(-)-6 in excellent yield. In this reaction, the use of 
potassium salt in THF was crucial since analogous lithium or sodium salts showed 
poor reactivity under various conditions. The following Sonogashira coupling of the 
naphthyl iodide (S)-(-)-6 with diyne 726 under Pd0/CuI catalysis in diisopropylamine 
proceeded smoothly to furnish silylated triyne (S)-(-)-8 in good yield. The deprotection 
of (S)-(-)-8 with tetrabutylammonium fluoride led to triyne (S)-(-)-9 in high yield. In the 
final step of the synthesis sequence, the unprotected triyne (S)-(-)-9 was 
 25 
cycloisomerised in the presence of a stoichiometric amount of CpCo(CO)2/PPh3 at 
140 oC with concomitant irradiation with a halogen lamp to obtain the desired 
[7]helicene-like compounds (P,S)-(+)-10 and (M,S)-10 in diastereomeric ratio 87:13 in 
75 % yield. The optically pure (P,S)-(+)-10 was obtained after crystallisation. The 
reaction carried out with a substoichiometric amount of CpCo(CO)2 (40 mol %) and 
PPh3 (40 mol %) required a prolonged reaction period (25 h) and provided lower yield 
(64 %). When a more reactive cobalt complex CpCo(C2H4)2 (i.e. Jonas’ catalyst
65) 
was used, the reaction proceeded more rapidly even at room temperature (THF, 20 
°C for 15 min) with comparable yield (80 %). However, the ratio of (P,S)-(+)-10 and 
(M,S)-10 was practically 50:50. Recently, we have described a thermodynamic 
control of the diastereoselective [2+2+2] cycloisomerisation processes.59 The kinetic 
analysis of thermal equilibration of (P,S)-(+)-10 and (M,S)-10 is discussed in Chapter 
8.  
As mentioned above, (P,S)-(+)-10 can be prepared in an optically pure form on 
a preparative scale. The optical purity is essential for further applications. Studies on 
the use of (P,S)-(+)-10 as a liquide-crystalline material are currently in progress. In 
collaboration with Dr. Dirk Blunk from the University of Cologne, Germany, various 
preliminar experiments have been already accomplished. Recent works showed that 
(P,S)-(+)-10 melts directly into an isotropic liquid. A differential scanning calorimetry 
to determine the phase transition enthalpy from the crystalline to the isotropic phase 
will be carried out. Currently, main efforts are focused on the determination of helical 
twisting power (HTP) of the [7]helicene-like compound (P,S)-(+)-10 by means of 
Grandjean-Cano experiments. 
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Scheme 3.1 Reagents and conditions: 
(a) 1. n-BuLi, THF, -78 °C; 2. I2, -78 °C, 94 % 
(b) Pd(CH3CN)2Cl2, PPh3, CuI, (i-Pr)2NH, toluene, 0 °C to r.t., 93 % 
(c) KH, THF, 0 °C to r.t., 97 % 
(d) Pd(PPh3)4, CuI, (i-Pr)2NH, r.t., 80 % 
(e) n-Bu4NF, THF, r.t., 92 % 
(f) CpCo(CO)2, PPh3, decane, 140 °C, 75 % 
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3.2 Synthesis of functionalised helical compounds 
 
 Structural attributes of helicenes, typical representatives of small inherently 
chiral helical molecules, predetermine them for the use in enantioselective catalysis. 
A critical lack of synthetic methods for the synthesis of functionalised helicenes 
handicaps such molecules in comparison with more investigated systems, e.g. 
binaphtyl compounds. We have recently demonstrated that racemic 1-hydroxy,59 2-
hydroxy,60 3-hydroxy26 and 2,15-dihydroxyhexahelicene60 can easily be prepared by 
utilising [2+2+2] cycloisomerisation. We have decided to develop the 
diastereoselective synthesis of helicene-like molecules bearing substituents,59,66 
which would allow further modification.  
 
3.2.1 Synthesis of methoxy-substituted helicene derivatives 
 
3.2.1.1 Synthesis of 15 
 
The preparation of the methoxy-substituted helicene-like compound (P,S)-(+)-
15 (Scheme 3.2) is based on the same methodology that we have explored in the 
case of unfunctionalised helicene derivatives. The known triyne precursors, i.e. the 
optically pure diyne (S)-(-)-1159 and iodobenzene derivative 12,67 were reacted under 
Pd0/CuI catalysis in diisopropylamine. The deprotection of the chiral triyne (S)-(-)-13 
with tetrabutylammonium fluoride led to (S)-(-)-14 in good yield. With the 
CpCo(CO)2/PPh3 catalytic system at 140 °C and concomitant irradiation with a 
halogen lamp, (S)-(-)-14 was cyclised to the helical compounds (P,S)-(+)-15 and 
(M,S)-15 in a 90:10 diastereoisomer ratio in 68 % yield.  
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Scheme 3.2 Reagents and conditions: 
(a) Pd(PPh3)4, CuI, (i-Pr)2NH, r.t., 72 % 
(b) n-Bu4NF, THF, r.t., 86 % 
(c) CpCo(CO)2, PPh3, decane, 140 °C, 68 % 
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3.2.1.2 Synthesis of 26 
 
The preparation of the compound (P,S)-(+)-26 started with 
lithiation/iodination of bromoalcohol 1660 leading to iodoalcohol 17 in high yield 
(Scheme 3.3). The subsequent bromination with phosphorus tribromide afforded the 
benzylic bromide 18, which reacted with a lithium salt of the previously prepared 
alcohol (S)-(-)-1939 to give optically pure (S)-(-)-20 in good yield. The following 
Sonogashira coupling with trimethylsilylacetylene under Pd0/CuI catalysis proceeded 
smoothly to give diyne (S)-(-)-21 in 89 % yield. After treatment of the protected diyne 
(S)-(-)-21 with sodium methoxide in methanol, the free diyne (S)-(-)-22 was 
successfully coupled with the naphthyl iodide 23 under Pd0/CuI catalysis to give triyne 
(S)-(-)-24 in moderate yield. The final removal of the triisopropylsilyl group with 
tetrabutylammonium fluoride provided the unprotected triyne (S)-(-)-25 in 87 % yield. 
The final [2+2+2] cycloisomerisation using the CpCo(CO)2/PPh3 catalytic system at 
140 oC under concomitant irradiation with a halogen lamp resulted in the formation of 
a mixture of (P,S)-(+)-26 and (M,S)-26 in a 73:27 ratio in 72 % yield. 
 
3.2.1.3 Synthesis of 31 
 
 The preparation of the methoxy-substituted helically chiral compound (P,S)-
(+)-31 started with Sonogashira coupling of the known triyne precursors, the optically 
pure iodide (S)-(-)-2739 with diyne 28,60 under Pd0/CuI catalysis to furnish the chiral 
triyne (S)-(-)-29 in moderate yield (Scheme 3.4). Treatment of (S)-(-)-29 with 
tetrabutylammonium fluoride then provided the desired deprotected triyne (S)-(-)-30 
in quantitative yield. For the key [2+2+2] cycloisomerisation of triyne (S)-(-)-30, 
CpCo(CO)2/PPh3 catalytic system at 140 
oC with concomitant irradiation with a 
halogen lamp was used. The functionalised helicene-like compounds (P,S)-(+)-31 
and (M,S)-31 were obtained in a 83:17 diastereoisomer ratio in 58 % yield. 
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Scheme 3.3 Reagents and conditions: 
(a) 1. n-BuLi, THF, -90 °C; 2. I2, -90 °C, 93 % 
(b) PBr3, THF, 0 °C, 79 % 
(c) n-BuLi, THF-DMSO, -35 to 40 °C, 65 % 
(d) Pd(PPh3)4, CuI, (i-Pr)2NH, 80 °C, 89 % 
(e) MeONa, THF-MeOH, r.t., 87 % 
(f) Pd(PPh3)4, CuI, (i-Pr)2NH, r.t., 64 % 
(g) n-Bu4NF, THF, r.t., 87 % 
(h) CpCo(CO)2, PPh3, decane, 140 °C, 72 % 
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Scheme 3.4 Reagents and conditions:  
(a) Pd(PPh3)4, CuI, (i-Pr)2NH, r.t., 44 % 
(b) n-Bu4NF, THF, r.t., 99 % 
(c) CpCo(CO)2, PPh3, decane, 140 °C, 58 % 
 
 
 
3.2.1.4 Synthesis of 38 
 
 The methoxy-substituted helicene-like compound (M,S)-(-)-38 (Scheme 3.5) 
was synthesised using a different chiral synthon than discussed above. (R)-(-)-1-
Phenyl-2-propyn-1-ol 32 was deprotonated with n-butyllithium and reacted with 
bromide 564 to give the optically pure iodide (R)-(-)-33 in good yield. In the next step, 
the terminal alkyne was protected via its deprotonation by lithium diisopropylamide 
and silylation with triisopropylsilyl chloride to give (S)-(-)-34 in 73 % yield. The 
following Sonogashira coupling of (S)-(-)-34 with the methoxy-substituted 
naphthalene building block 28 provided triyne (S)-(-)-35 in high yield. To our surprise, 
under common reaction conditions used for the final desilylation of triyne (with 
 32 
tetrabutylammonium fluoride in THF) the unprotected triyne (R)-(-)-37 was not 
formed. Unexpectedly, the product of C-O bond cleavage arose (35  36). The use 
of a 100:1 THF-methanol mixture prolonged the reaction period but led to the desired 
compound (R)-(-)-37 in 90 % yield. Diastereoselective [2+2+2] cycloisomerisation of 
triyne (R)-(-)-37 using the CpCo(CO)2/PPh3 catalytic system at 140 
oC with 
concomitant irradiation with a halogen lamp proceeded smoothly to give a 84:16 
mixture of (M,S)-(-)-38 and (P,S)-38 in 95 % yield.  
 
3.2.2 Synthesis of bromo-substituted helicene derivatives 
 
 In order to develop a modular approach to substituted helicenes we have 
decided to focus on the synthesis of bromoderivatives of helicene that allows to 
introduce substituents in the advanced stage of the synthesis. 
 
3.2.2.1 Synthesis of 48 
 
 Based on a procedure originating in our laboratory, a modular synthesis of 
helical compound (M,S,S)-(-)-48 was developed. The synthesis starts from the 
commercially available 5-bromo-2-methylaniline 39 (Scheme 3.6). The amino group 
was first converted to iodide via the diazotation-iodination sequence. In the next step, 
iodide 40 underwent radical bromination by means of N-bromosuccinimide and 
catalytic amounts of AIBN and K2CO3 to afford benzylic bromide 41 in moderate 
yield. The bromine atom in the benzylic position was displaced by nucleophilic 
substitution using a potassium salt of (S)-(-)-3-butyn-2-ol to give the optically pure 
compound (S)-(-)-42 in good yield. Deprotonation of (S)-(-)-42 with lithium 
diisopropylamide and the subsequent reaction of lithium acetylide formed with 
triisopropylsilyl chloride provided (S)-(-)-43 in 69 % yield. Sonogashira coupling of 
iodide (S)-(-)-43 with trimethylsilylacetylene under Pd(PPh3)4/CuI catalysis in 
diisopropylamine at 0 °C provided diyne (S)-(-)-44. These conditions were crucial for 
selective coupling. When the reaction was carried out at room temperature, 
chemoselectivity was practically lost as the coupling proceeded with iodide as well as 
bromide. Treatment of (S)-(-)-44 with sodium methoxide in methanol effected the 
selective removal of the TMS protecting group to give diyne (S)-(-)-45 in 94 %. 
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Scheme 3.5 Reagents and conditions: 
(a) n-BuLi, THF-DMSO, -35 to 50 °C, 67 %  
(b) 1. LDA, THF, -78 °C; 2. TIPSCl, -78 °C to r.t., 73 % 
(c) Pd(PPh3)4, CuI, (i-Pr)2NH, r.t., 85 % 
(d) n-Bu4NF, THF, r.t., 22 % 
(e) n-Bu4NF, THF-methanol, r.t., 90 % 
(f) CpCo(CO)2, PPh3, decane, hν, 140 °C, 95 % 
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The previously prepared iodide building block (S)-(-)-43 was used as a Sonogashira 
coupling partner for diyne (S)-(-)-45. The reaction proceeded smoothly in 95 % yield 
using the same reaction conditions mentioned above. The triyne (S,S)-(-)-46 formed 
was then desilylated with tetrabutylammonium fluoride in THF to give the desired 
compound (S,S)-(-)-47 suitable for the final diastereoselective [2+2+2] 
cycloisomerisation. Under CoI catalysis (S,S)-(-)-47 was cyclised to the helical 
compounds (M,S,S)-(-)-48 and (P,S,S)-48 (Scheme 3.6). To our disappointment, the 
yield of the cyclisation step was only 12 %. However, the reaction proceeded with 
high diastereoselectivity (dr = 95:5).  
 
3.2.2.2 Synthesis of 51 
 
 The poor yield of the diastereoselective [2+2+2] cycloisomerisation reaction of 
the bromo-substituted compound (M,S,S)-(-)-48 led us to modify the synthesis. 
Recent results from our laboratory suggest that the presence of substituents at 
positions 15 and 16 on a helical scaffold lead to an increase yield of the cyclisation 
step (Figure 3.1).  
 The previously prepared triyne (S,S)-(-)-47 was coupled with iodide 49 under 
Pd(CH3CN)2Cl2/CuI catalysis to give triyne (S,S)-(-)-50 with the substituted acetylene 
units in reasonable yield. The final [2+2+2] cycloisomerisation using a 
CpCo(CO)2/PPh3 catalytic system at 140 °C with concomitant irradiation with a 
halogen lamp resulted in the exclusive formation of (P,S,S)-(+)-51 in 30 % yield 
(Scheme 3.7). The other diastereomer was not observed. 
 Even though the presence of substituents led to better yield, it is still not 
sufficient and further research is therefore needed. 
 
 
 
 
 
 
Figure 3.1 
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Scheme 3.6 Reagents and conditions: 
(a) NaNO2, KI, HCl, 0 to 80 °C, 63 %  
(b) NBS, AIBN, K2CO3, CCl4, hν, reflux, 65 % 
(c) KH, THF, 0 °C to r.t., 78 % 
(d) 1. LDA, THF, -78 °C; 2. TIPSCl, -78 °C to r.t., 69 % 
(e) Pd(PPh3)4, CuI, (i-Pr)2NH, 0 °C, 93 % 
(f) CH3ONa in methanol, THF, r.t., 94 % 
(g) Pd(PPh3)4, CuI, (i-Pr)2NH, 0 °C, 95 % 
(h) n-Bu4NF, THF, r.t., 91 % 
(i) CpCo(CO)2, PPh3, decane, hν, 140 °C, 12 % 
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In summary, main attention was paid to the development of an efficient 
approach to nonracemic functionalised helicene-like compounds. Performing the 
cyclisation of optically pure methoxy-substituted triynes, using CpCo(CO)2  catalysed 
diastereoselective [2+2+2] cycloisomerisation, diastereomeric ratios of desired 
products ranged from 27:73 to 90:10. In the case of bromo-substituted helicene-like 
compounds, diastereomeric ratios were up to 95:5 though the yields were lower.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Scheme 3.7 Reagents and conditions: 
(a) Pd(CH3CN)2Cl2, PPh3, CuI, (i-Pr)2NH, toluene, 0 °C, 68 % 
(b) CpCo(CO)2, PPh3, decane, hν, 140 °C, 30 % 
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4. Synthesis of helically chiral phosphites 
 
 Numerous chiral auxiliaries for use in asymmetric catalysis have already been 
described; central, planar or axial symmetry has traditionally been involved. 
Structural features of helicenes, possessing inherently chiral helical scaffolds, 
predetermine their future utilisation. However, only a few achievements in the 
application of helicenes have been described so far (vide supra). One of the reasons 
for the limited progress is lack of universal synthetic methods for obtaining optically 
pure helicenes or related compounds on a large scale. As we have demonstrated, 
using the modular synthetic approach based on [2+2+2] cycloisomerisation of 
aromatic triynes under transition-metal catalysis, various optically pure compounds 
with helical chirality can easily be prepared.59,68 
 Phosphites proved to be promising ligands in many transition metal-based 
catalytic systems, e.g. hydroformylation reactions.69 Usually, they can be prepared 
from corresponding alcohols without difficulty, in our particular case, using helicenes 
substituted with a hydroxy group. 
 The first task of the synthesis of helically chiral phosphites was to prepare a 
set of stable phosphorochloridites. For the preparation of compounds 54 and 5670, 
the known literature procedure71 was followed to react the corresponding diol with 
phosphorus trichloride (Scheme 4.1). 
 The optically pure alcohol 5259 was used as a helicene part. The key step of 
the reaction sequence, the reaction of alcohol 52 with appropriate 
phosphorochloridite (the compound 54 was used in the first experiments) (Scheme 
4.2), was carried out under various conditions. The results are summarised in Table 
4.1. The highest yield was obtained with sodium hydride in tetrahydrofuran at 0 °C. 
Subsequently, utilising the same methodology, analogous phosphites (P,S)-(+)-60, 
(P,S)-(+)-61 and (P,S)-(+)-62 were successfully synthesised (Scheme 4.3). The 
reactions can be easily monitored by 31P NMR spectra due to different shifts of 
signals of phosphorochloridites and phosphites. The steric hindrance of 
phosphorochloridites 54 and 56 along with the different sensitivity of resulting 
phosphites towards acidic hydrolysis caused a variability in reaction yields.  
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Scheme 4.1 Reagents and conditions: 
(a) PCl3, reflux, 75 % 
(b) PCl3, toluene, reflux, 58 % 
 
 
 
 
 
 
 
 
Scheme 4.2 
 
Table 4.1 
Base Solvent Temperature Time 
Yield 
(%) 
Et3N (4.0 eq.) Toluene -40 to 50 °C 2 d 10 
NaH (4.0 eq.) Toluene -THF -40 to 50 °C 2 d 20 
NaH (2.5 eq.) THF 0 °C to r.t. 2 h 60 
NaH (4.0 eq.) THF 0 °C to r.t. 2 h 73 
 
 39 
O
O
TolP
O
O
MeO
MeOO O
P
Cl
OMe OMe
O
O
TolP
O
O
OH
O
Tol
O
P
O
Cl
O
O
TolP
O
O
O
P
O
Cl
(P,S)-(+)-52
(P,S)-(+)-60
(P,S)-(+)-61
(P,S)-(+)-62
56
57
58
a
b
c
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Scheme 4.3 Reagents and conditions: 
(a) NaH, THF, 0 °C to r.t., 45 % 
(b) NaH, THF, 0 °C to r.t., 76 % 
(c) NaH, THF, 0 °C to r.t., 84 % 
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5. Asymmetric hydroformylation reactions 
 
 Hydroformylation is an important industrial process72,73 for the production of 
aldehydes, which can be further converted to other products. The main goal in 
transition metal-catalysed hydroformylation of unsaturated substrates is to control 
regioselectivity of the reaction. For instance, asymmetric hydroformylation of vinyl 
aromatics, being attractive for the pharmaceutical industry, is an elegant and useful 
method for the preparation of various optically-active substrates. The important 
discovery by Wilkinson,74-77 that rhodium complexes represent active and selective 
hydroformylation catalysts under mild conditions in the presence of 
triphenylphosphine as a ligand, initiated an extensive research on hydroformylation. 
As electron-withdrawing substituents on the ligands increase the reaction rate due to 
a more facile CO dissociation and stronger alkene association,78,79 phosphites, as 
better π-acceptors are superior to phosphines. However, highly enantioselective 
hydroformylation has been achieved with only a few catalytic systems. In 1992, an 
important breakthrough appeared in the patent literature when Babin and Whiteker80 
at Union Carbide reported the asymmetric hydroformylation of various alkenes with 
ee’s up to 90 %, using bulky diphosphites derived from homochiral (2R,4R)-pentane-
2,4-diol.81 The catalyst discovered by Takaya et al. using (R,S)-BINAPHOS82,83 
(Figure 5.1), a phosphine-phosphite ligand, has provided ee’s as high as 96 %, total 
conversions and high regioselectivities. Despite the remarkable progress in 
asymmetric hydroformylation, only two types of ligands have been successfully 
applied up to now: Diphosphite ligands and phosphine-phosphite ligands.69 Thus, the 
discovery of a new and universal chiral catalytic system remains a challenge. 
 
 
 
 
 
 
 
Figure 5.1 
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 To the best of our knowledge, helically chiral phosphites have never been 
used as ligands in asymmetric hydroformylation. Therefore, we have decided to apply 
phosphites (P,S)-(+)-59, (P,S)-(+)-60, (P,S)-(+)-61 and (P,S)-(+)-62 in model 
hydroformylation of styrene. The reactions were carried out under mild conditions to 
supress the typical side processes, such as hydrogenation, isomerisation, 
polymerisation and aldol condensation. We have observed similar regioisomeric iso:n 
ratios (branched to linear) between the isomeric aldehydes produced at room 
temperature and at 50 °C. The reaction conversions differed at room temperature 
and at 50 °C, 50 % vs. 97 %. Thus, we decided to carry out hydroformylation 
reactions at 50 °C. Rh(acac)(CO)2, being known as one of the most frequently 
employed catalyst in hydroformylation, was used in all reactions. In the case of 
styrene, the CO and H2 partial pressures affect the reaction regioselectivity only 
when the reaction is carried out at high temperatures. For that reason we chose the 
partial pressures of CO and H2 in a 10:10 bar ratio. 
 In the first series of experiments, hydroformylation of styrene was carried out 
with Rh(acac)(CO)2 and various ligands in a 1:10 ratio (Scheme 5.1, Table 5.1). The 
use of (P,S)-(+)-59 and (P,S)-(+)-60 led to the formation of branched and linear 
aldehydes in a 94:6 iso:n ratio. In both cases we have observed an almost full 
conversion of the starting material. Regioisomeric ratios were similar to reactions 
when employing triphenylphosphite 63 and phosphites 64 and 65, being structurally 
related to triphenylphosphite. However, the conversion of styrene was lower in 
comparison to phosphites with helical chirality. Ligand (P,S)-(+)-59 formed iso-68 
with 16 % ee. In the case of (P,S)-(+)-60, no enantioselectivity was observed. 
  
 
 
 
 
 
 
 
 
 
 42 
O
O
+
67 iso-68 n-69
 
  
 
 
 
Scheme 5.1 
 
Table 5.1 
Ligand 
Ligand  
(mol %) 
iso-68c 
(%) 
n-69c 
(%) 
% eed 
Conversionc 
(%) 
63a 10 90 10 - 90 
64a 10 92 8 - 93 
65a 10 92 8 - 73 
66a 10 77 23 - 74 
59a 10 94 6 16 (S) 97 
60a 10 94 6 0 97 
59a 5 98 2 18 (S) 99 
60a 5 99 1 0 98 
61a 5 90 10 0 97 
62a 5 94 6  5 (S) 97 
59a 2.5 94 6  24 (S)           98 
 59b 2.5 93  7   29
 (S)           96  
 60b 2.5 95  5   0  96  
 61b 2.5 91  9    5
 (S) 96  
 62b 2.5 92  8    7 (S)
  93  
 
a Rh(acac)(CO)2 (1 mol %), CH2Cl2, pCO/pH2 10 /10 bar, 50 °C, 20 h. 
b The reactions 
were carried out in toluene. c Determined by GC using an internal standard. d ee of 
iso-68; determined by chiral GC (with a Supelco’s Beta Dex 225 column). 
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Figure 5.2 
 
In the next step, the ratio of the ligand and Rh-catalyst was changed to a 5:1. 
We compared different helically chiral ligands. Concerning regioselectivity of the 
reaction, a 98:2 and 99:1 iso:n ratio was reached when phosphites (P,S)-(+)-59 and 
(P,S)-(+)-60, respectively, were used (Table 5.1). The use of ligands (P,S)-(+)-61 and 
(P,S)-(+)-62 gave rise to a mixture of branched and linear products in a 90:10 and 
94:6 ratios, respectively. The highest enantioselectivity (18 % ee) was reached with 
the ligand (P,S)-(+)-59 whereas in the presence of ligands (P,S)-(+)-60, (P,S)-(+)-61 
and (P,S)-(+)-62 poor or no enantioselectivities were observed.  
The above mentioned experiments showed that lower ligand-catalyst ratios 
lead to better regioselectivity. Thus, the reaction was performed with the ligand (P,S)-
(+)-59 and Rh-catalyst in a 2.5:1 ratio. Whereas regioselectivity lowered, 
enantiomeric excess raised to 24 %. In the next experiment series, the role of solvent 
was examined. The reaction was carried out in toluene. The results are summarised 
in Table 5.1. (P,S)-(+)-59 was found to be the most efficient ligand providing the 
enantiomeric excess 29 %. 
 In the case of hydroformylation of 4-chlorostyrene (Scheme 5.2), the reaction 
was carried out in dichloromethane with ligand and Rh-catalyst in a 5:1 ratio (Table 
5.2). Regarding regioselectivity, up to a 99:1 ratio between aldehydes iso-71 to n-72 
was observed when helically chiral phosphites were used. Utilising triphenylphosphite 
63, a regioisomeric 93:7 ratio was achieved. Enantiomeric excess ranged from 6 to 
20 %, the highest ee (20 %) being achieved by (P,S)-(+)-59 ligand. 
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Scheme 5.2 
 
Table 5.2 
Liganda 
Ligand  
(mol %) 
iso-71  
(%) 
n-72  
(%) 
% eed 
Conversionb 
(%) 
59 5  98b  2b 20 (S) 98 
60 5  98b  2b 11 (S) 97 
61 5  99c  1c  6 (S) 98 
62 5  97c  3c  6 (S) 96 
63 5  93b  7b - 92 
 
a Rh(acac)(CO)2 (1 mol %), CH2Cl2, pCO/pH2 10 /10 bar, 50 °C, 20 h. 
b Determined 
by GC using an internal standard. c Determined by NMR. d ee of iso-71; determined 
by chiral GC (with a Supelco’s Beta Dex 225 column) after the reduction to the 
corresponding alcohol.84 
 
Finally, vinyl acetate 73 was used as a starting material for further series of 
hydroformylations (Scheme 5.3). The compound 73 was treated with the ligand and 
the Rh-catalyst in a 5:1 or 2.5:1 ratios in acetone or toluene to afford a mixture of 
branched and linear products (Table 5.3). Better regioisomeric ratios between iso-74 
and n-75 were mainly achieved when ligands were in a 5:1 ratio to Rh-catalyst. 
Reducing the amount of the ligand led to worse regioselectivity (with ligand 61 being 
an exception), but the influence on enantioselectivity was observed only in the case 
of the ligand (P,S)-(+)-62, which provided the highest enantiomeric excess 25 %. 
Acetone as a solvent proved to be better than toluene for the hydroformylation of 
vinyl acetate. The starting material 73 was treated with the ligand (P,S)-(+)-62 and 
Rh-catalyst in a 2.5:1 ratio in toluene to afford branched and linear products in a 
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68:32 ratio and with 8 % ee for iso-74. In acetone, the regioisomeric ratio increased 
to 76:24 and enantiomeric excess reached 12 %. 
 
 
  
 
Scheme 5.3 
 
Table 5.3 
Ligand 
Ligand  
(mol %) 
iso-74c,d 
(%) 
n-75c,d 
(%) 
% eee 
59a 5 92 8 15 (S) 
60a 5 86 14 0 
61a 5 67 33  4 (S) 
62a 5 91 9 25 (S) 
63a 5 86 14 - 
 59b 2.5 74 26 14 (S) 
 60b 2.5 56 44 0 
 61b 2.5 87 13  4 (S) 
 62b 2.5 68 32  8 (S) 
 62a 2.5 76  24 12
  (S) 
 
a Rh(acac)(CO)2 (1 mol %), acetone, pCO/pH2 10 /10 bar, 50 °C, 20 h. 
b The 
reactions were carried out in toluene. c Conversions higher than 50 % as determined 
by GC. d Determined by NMR. e ee of iso-74; determined by chiral GC (with a 
Supelco’s Beta Dex 225 column). 
  
 Several experiments with the ligand (P,S)-(+)-59 were also performed by Dr. 
Serghei Chercheja at the University of Dortmund. Hydroformylation of styrene 
(Scheme 5.4) was carried out under the reaction conditions different from those 
mentioned above. The helically chiral ligand (P,S)-(+)-59 was compared with the 
chiral diphosphite ligand, (2R,4R)-Chiraphite (Figure 5.3) and the results are shown 
in Table 5.4. With (P,S)-(+)-59, the reaction proceeded with an excellent styrene 
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conversion, enantiomeric excess being 32 %. The use of (2R,4R)-Chiraphite led to 
the moderate conversion of the substrate and lower enantioselectivity of the product. 
Regioselectivity at the reaction was not determined. 
 
 
 
 
 
Scheme 5.4 
 
Table 5.4 
Liganda 
Ligand conc. 
(mol %) 
% eec  
Conversionb 
(%) 
(2R,4R)-Chiraphite 1.25 19 (S) 47 
59 1.25 32 (S)  >99 
 
a Rh(acac)(CO)2 (0.5 mol %), toluene, pCO/pH2 40 /40 bar, 40 °C, 20 h. 
b Determined 
by GC using an internal standard.  c ee of iso-68; determined by chiral GC (with a 
Supelco’s Beta Dex 225 column). 
 
 
 
 
 
 
 
Figure 5.3 
 
Van Leeuwen et al. reported the application of the preformed (2R,4R)-
Chiraphite ligand,81 which gave interesting enantioselectivity (67 % ee) and 
conversion of styrene (98 %) in toluene at 40 °C and 10/10 bar pressure of CO/H2. 
These results suggest that further studies on the hydroformylation reaction using 
ligands derived from helicenes may bring a significant improvement. 
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6. Enantioselective allylic amination 
 
 Allylamines are valuable building blocks in organic synthesis and their 
preparation is an important task for both industry and academy. Their significance 
emerged from the fact that they were used as starting materials for the synthesis of 
α- and β-amino acids,85,86 different alkaloids and carbohydrate derivatives. A 
prominent method for the preparation of allylic amines is transition metal-catalysed 
allylic amination. The enantioselective preparation of chiral tertiary amines via this 
method is particularly important because they cannot be generated directly by 
enantioselective hydrogenation of imines87,88 and the enantioselective hydrogenation 
of enamines remains still a difficult task.89  
 Various transition metals are known to catalyse allylic amination. Iridium,90,91 
palladium,92 ruthenium,93,94 rhodium,95 iron96 and nickel97,98 complexes have served 
as efficient catalysts. The classical version performed in the presence of Pd 
catalysts,99 however, exhibits a lack of regioselectivity. The preparation of higher-
substituted, branched amines can be realised in the presence of iridium,100 
rhodium101,102 or ruthenium94,103 catalysts. Takeuchi et al.104 and Evans et al.95 have 
shown that iridium and rhodium complexes of achiral phosphites catalyse the 
formation of branched amines, in some cases with conservation of 
enantioselectivity.95 Hartwig et al. has reported the use of highly efficient iridium 
complexes of phosphoramidites105 (Figure 6.1), designed by Feringa et al.,106,107 
which catalyse allylic amination to form branched products with excellent 
regioselectivity and enantioselectivity. 
 
 
 
 
 
 
 
 
 
Figure 6.1 
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 With regard to the importance of allylic amination in organic synthesis, the 
development of a new efficient catalytic system appears to be an interesting field for 
the application of helically chiral phosphites. Inspired by the results of Hartwig, we 
have decided to apply phosphites (P,S)-(+)-59, (P,S)-(+)-60, (P,S)-(+)-61 and (P,S)-
(+)-62 in model allylic amination (Scheme 6.1).  
 
 
 
 
 
Scheme 6.1 
 
 Reactions were conducted with the air-stable iridium catalyst 
[Ir(COD)Cl]2 in tetrahydrofuran or dichloromethane at ambient temperature. 
Generally, all reactions proceeded faster in dichloromethane than in tetrahydrofuran. 
In the beginning, cinnamyl methyl carbonate 77 was used as a substrate. The 
results of the reaction of 77 with benzylamine (Scheme 6.2) are summarised in Table 
6.1. Although high regioselectivity was observed (less than 3 % of linear product 
n-79 was formed) the reaction in tetrahydrofuran with the phosphite ligands (P,S)-(+)-
59, (P,S)-(+)-61 and (P,S)-(+)-62 gave low yield of the branched product iso-78. With 
the ligand (P,S)-(+)-60 the reaction did not proceed at all. The solvent influenced 
enantioselectivity and the rate of the reaction (regioselectivity was not practically 
affected). The highest improvement of the yield in dependence on a solvent used 
was observed with the ligand (P,S)-(+)-62. The yield rose from 25 % in 
tetrahydrofuran up to 95 % in dichloromethane. On the other hand, the enantiomeric 
excess was almost equally high (90 % and 93 %) in both solvents. The reaction of 77 
with benzylamine and in the presence of (P,S)-(+)-61 formed the branched allylic 
amine with 26 % ee in dichloromethane, the racemic product being isolated in 
tetrahydrofuran. The yield was low (11 % and 16 %) in both solvents. In the presence 
of the ligand (P,S)-(+)-59 in tetrahydrofuran, iso-78 was formed with 39 % ee, but the 
yield was poor, 4 %, even after the prolonged reaction period of 4 days.  
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Scheme 6.2 
 
Table 6.1 
 (P,S)-(+)-59
 (P,S)-(+)-60 (P,S)-(+)-61 (P,S)-(+)-62 
 % ee
d   yielde % eed   yielde % eed   yielde % eed   yielde 
 THFb     39 (S)    4
a 
n.r.     0       11a  93 (S)    25
a  
DCMc - - 26 (S)   16
a     90 (S)    95a  
 
a Isolated yield after chromatography on silica gel. b Reactions were conducted at 
50 °C. c Reactions were conducted at 35 °C. d ee of iso-78; determined by HPLC 
(with a Daicel Chiralcel OD-H column). e Crude mixture contained less than 3 % of n-
79 as determined by NMR. 
 
The reaction of cinnamyl methyl carbonate 77 with pyrrolidine (Scheme 6.3) in 
the presence of phosphites P,S)-(+)-59, (P,S)-(+)-61 and (P,S)-(+)-62 gave excellent 
regioselectivity as the linear product was not detected. The results of the reaction are 
shown in Table 6.2. The highest enantiomeric excess of the branched tertiary amine 
iso-80 was observed with the ligand (P,S)-(+)-62. In tetrahydrofuran it reached as 
high as 89 % ee and in dichloromethane even 92 % ee. However, the yield of the 
reaction was moderate in both cases. The reaction with the ligand (P,S)-(+)-59 gave 
the racemic iso-80 in 44 % yield only when performing it in dichloromethane. In the 
presence of (P,S)-(+)-61 the reaction gave rise to the branched amine with 
enantiomeric excess from 45 % (in tetrahydrofuran) to 56 % (in dichloromethane) in 
low yield 7 % and 13 %, respectively. 
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Scheme 6.3 
 
Table 6.2 
 (P,S)-(+)-59
 (P,S)-(+)-61 (P,S)-(+)-62 
 % ee
d   yielda % eed   yielda % eed   yielda 
 THFb -         45 (+)     7         89 (+)    39  
DCMc  0      44         56 (+)    13         92 (+)    60 
 
a Isolated yield after chromatography on silica gel. b Reactions were conducted at 
50 °C. c Reactions were conducted at 35 °C. d ee of iso-80; determined by HPLC 
(with a Daicel Chiralcel OD-H column). 
 
 The reaction of 77 with morpholine (Scheme 6.4) gave the best 
enantioselectivity 91 % with the ligand (P,S)-(+)-62 in reasonable yield in both 
solvents, THF as well as DCM (Table 6.3). The different results regarding 
enantioselectivity were obtained with the ligand (P,S)-(+)-61. The reaction formed the 
branched tertiary amine iso-81 with 65 % and 79 % enantiomeric excess in 
tetrahydrofuran and dichloromethane, respectively. The yield, by contrast, was 
acceptable only in dichloromethane. Interestingly, the highest yield of the desired 
amine iso-81 was observed in the presence of (P,S)-(+)-59 and dichloromethane, but 
enantiomeric excess was only 19 %. Regarding regioselectivity less than 5 % of 
linear product n-81 was formed. In comparison to the reaction of 77 with pyrrolidine 
(Scheme 6.3, Table 6.2), morpholine was less reactive and the reaction proceeded 
slower.  
The use of carbonate 82 containing the pyridine ring broadens the scope of 
the reaction (Scheme 6.5). Under iridium catalysis in dichloromethane, the reaction 
with the ligand (P,S)-(+)-62 provided the highest enantioselectivity and yield of the 
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corresponding branched tertiary amine iso-83, 93 % ee and 70 % yield (Table 6.4). 
Moderate enantiomeric excesses and yields were achieved with the ligands (P,S)-
(+)-59 and (P,S)-(+)-61. All reactions proceeded with excellent regioselectivity since 
the linear product was not detected. 
 
  
 
 
 
 
 
Scheme 6.4 
 
Table 6.3 
 (P,S)-(+)-59
 (P,S)-(+)-61 (P,S)-(+)-62 
 % ee
d   yielde % eed   yielde % eed   yielde 
 THFb -         65 (+)   17a        91 (+)   52a   
DCMc 19      89a         79 (+)   70a        91 (+)   69a  
 
a Isolated yield after chromatography on silica gel. b Reactions were conducted at 
50 °C. c Reactions were conducted at 35 °C. d ee of iso-80; determined by HPLC 
(with a Daicel Chiralcel OJ-H column). e Crude mixture contained less than 5 % of n-
81 as determined by NMR. 
 
In conclusion, we have developed a new catalytic system based on ligands 
derived from helicenes to produce branched secondary or tertiary allylic amines from 
achiral allylic carbonates. (P,S)-(+)-62 proved to be a promising ligand, which gave 
the desired amines in high yield with excellent enantioselectivity and regioselectivity. 
To the best of our knowledge, helically chiral phosphites have never been applied as 
ligands in enantioselective allylic amination. Mechanistic understanding and further 
studies are under way. 
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Scheme 6.5 
 
Table 6.4 
 (P,S)-(+)-59
 (P,S)-(+)-61 (P,S)-(+)-62 
 % ee
c   yielda % eec   yielda % eec   yielda 
DCMb        40 (+)    65        46 (+)    44         93 (+)   70 
 
a Isolated yield after chromatography on silica gel. b Reactions were conducted at 
35 °C. c ee of iso-80; determined by NMR (TFAE used as a shift reagent). 
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7. Synthesis of heptahelicene and its resolution into single enantiomers 
 
 Heptahelicene is, along with [5]helicene and [6]helicene analogs, an icon of 
helicene chemistry.53,108-110 Furthermore, nonracemic heptahelicene exhibits a good 
configurational stability, its barrier to racemisation being 41.7 kcal/mol.111 This 
attribute is suggested to allow for thermal deposition of (P)-(+)-or (M)-(-)-89 on a solid 
phase without a configurational scrambling. 
Carbohelicenes can represent useful targets for the XNCD experiments. 
XNCD (X-ray natural CD) is based on a measurement of the CD spectra of chiral 
organic molecules at X-ray wavelengths, where well defined carbon 1s → p* 
transitions occur. Carbohelicenes have a series of shape, narrow carbon 1s → p* 
transitions with a chiral orbital character that are ideal for measuring the XNCD effect. 
 The first synthesis of heptahelicene was published by Martin et al. in 1967.9 
However, its asymmetric synthesis still remains a challenge.112,113 We have proved 
that helically chiral molecules can be synthesised by using intramolecular [2+2+2] 
cycloisomerisation of aromatic triynes.23,24,26,59,60,66,114 Moreover, we have progressed 
in applying enantioselective catalysis to get a nonracemic helical backbone115 
(Scheme 7.1 and Scheme 1.8).  
 
 
 
  
 
 
 
 
 
 
 
 
 
Scheme 7.1 
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Unfortunately, the enantioselectivity is still insufficient. Therefore, we have 
decided to modify the synthesis of racemic heptahelicene21 and to resolve it into 
enantiomers on a semipreparative scale using chiral HPLC.29 
Lately, we have developed a new one-step synthetic approach for the 
preparation of triyne 8424,25 from 23, which includes Sonogashira coupling with 
gaseous acetylene.29 However, this reaction step might not be clean and the 
preparative yield might vary. Thus, we decided to couple iodide 2364 with diyne 726. 
The reaction proceeded smoothly at 80 °C under Pd0/CuI catalysis in 
diisopropylamine and afforded triyne 84 in good yield (Scheme 7.2). Treatment of 84 
with tetrabutylammonium fluoride provided the desired deprotected triyne 85 suitable 
for the [2+2+2] cycloisomerisation step. As we have reported, [2+2+2] 
cycloisomerisation of 85 can be catalysed by CpCo(CO)2 in the presence of PPh3 at 
140 oC under concomitant irradiation with visible light to provided 
tetrahydroheptahelicene rac-86 in 64 % yield. Using the more reactive Jonas 
catalyst65,116 CpCo(C2H4)2 allowed us to shorten the reaction time (from 2 hours to 20 
minutes) and decrease the reaction temperature to room temperature. The yield was 
the same as with CpCo(CO)2. The last step, aromatisation of rac-86, was carried out 
with trityl cation and gave rise to the fully aromatic rac-heptahelicene 87 in excellent 
yield. 
The heptahelicene racemate resolution into enantiomers was achieved by 
liquid chromatography on a chiral stationary phase (Scheme 7.3). Optically pure or 
optically highly enriched (M)-(-)-87 (>99 % op) and (P)-(+)-87 (92 % op) were 
obtained by multiple injections of rac-87. This procedure was necessary since the 
resolution did not proceed entirely down to the base line and, therefore, a higher 
column loading was not possible (Figure 7.1). 
 X-ray natural CD experiments are currently under way at the University of 
Saskatchewan, Canada, in collaboration with Dr. Stephen G. Urquhart. Amorphous 
thin films are needed for the proper CD experiment. Unfortunately, when 
heptahelicene is cast from a solution, it forms small crystals or oriented domains. 
Even small domains (microns in size) are enough to affect negatively the results of 
the experiment. A solution of this problem might be to synthesise helicene compound 
bearing a long alkyl chain on the helical scaffold. 
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Scheme 7.2 Reagents and conditions: 
(a) Pd(PPh3)4, CuI, (i-Pr)2NH, 80 °C, 82 % 
(b) n-Bu4NF, THF, r.t., 65 %  
(c) CpCo(C2H4)2, THF, r.t., 64 % 
(d) Ph3CBF4, 1,2-dichloroethane, 80 °C, 90 %  
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Scheme 7.3 
(a) HPLC separation on semipreparative (R,R)-Whelk-O1 column (250 x 10 mm, 5 
μm), n-heptane, 43 % of (M)-(-)-89 (>99 % op), 40 % of (P)-(+)-89 (92 % op) 
 
 
 
 
 
 
 
 
 
 
 
Figure 7.1 
 Superposition of chromatographic analyses (-)-(M)-89 and (+)-(P)-89 after resolution 
by chiral HPLC on an (R,R)-Whelk-O1 column (250 x 4.6 mm, 5 μm), n-heptane 
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8. Thermodynamic vs. kinetic control in the cyclisation step 
 
Using standard reaction conditions in the [2+2+2] cycloisomerisation step as 
described earlier (i.e. 1 eq. of CpCo(CO)2 and 2 eq. of PPh3 in decane, 140 °C for 6 
h), the reaction of (S)-(-)-9 yielded (P,S)-(+)-10 and (M,S)-10 in a 87:13 
diastereoisomer ratio (as it was already mentioned, cf. Part 3.1, Scheme 3.1). Using 
more reactive Jonas catalyst CpCo(C2H4)2, cyclisation proceeded rapidly at room 
temperature to get the desired product in a nearly equimolar ratio (44:56) of 
diastereomers. It is assumed, after ligand dissociation, both CpCo(CO)2 and 
CpCo(C2H4)2 form the same catalytically active species and the reaction mechanisms 
are identical but diastereoselectivity is lost by lowering the reaction temperature. 
Thus, an important question of the kinetic vs. thermodynamic control of [2+2+2] 
cycloisomerisation of chiral triyne was studied in detail by means of kinetic analysis of 
the spontaneous thermal equilibration of (P,S)-10 and (M,S)-10. 
The epimerisation process was studied at two different temperatures, 403.75 
K and 415.15 K. The practically equimolar mixture of (P,S)-10 and (M,S)-10, obtained 
from the cycloisomerisation of (S)-(-)-9 at room temperature, was dissolved in decane 
and heated to constant temperature using a thermostat. The ratio (P,S)-10 : (M,S)-10 
was monitored by HPLC on a chiral stationary phase. The time-dependent 
concentration of (M,S)-10 was plotted and nonlinear least-square fitting of the general 
exponential equation y = y0 + ae
-bx (consistent to the first-order kinetic Equation 8.1.; 
y0 = (M,S)eq, a = (M,S)0 –(M,S)eq, b = k P M + k M P) to the data was carried out. The 
parameters y0, a and b obtained were used to calculate the kinetic and 
thermodynamic parameters of the reaction (Table 8.1).  
 
tkkSMSMSMSM MPPMeqeq )(exp]),(),[(),(),( 0  
 
Equation 8.1 
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The initial (44:56) ratio of (P,S)-10: (M,S)-10 converged to the value of about 
81:19. The stereochemical outcome of the reaction reflects the higher 
thermodynamic stability of the diastereomeric product (P,S)-10. Hence, during the 
CpCo(CO)2-mediated cyclisation of the triyne (S)-(-)-9 at 140 °C, 10 undergoes a 
thermal epimerisation process and as a result, the thermodynamically more stable 
(P,S)-10 is the major product of the reaction. On the other hand, the kinetic control 
apparently operates under the CpCo(C2H4)2 catalysis at room temperature. 
 
 
403.75 K 
 
 
 
 
 
 
 
 
 
 
415.15 K 
 
 
 
 
 
 
 
 
 
Scheme 8.1 Experimental data of the thermal (P,S)-10 (M,S)-10 equilibration 
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Table 8.1 Kinetic and thermodynamic data of (P,S)-10 (M,S)-10 equilibration 
temperature (in K) 403,75 415.15 
solvent decane decane 
[(P,S)eq.] (in %) 81.0 80.6 
[(M,S)eq.] (in %)  19.0 19.4 
K 4.27 4.16 
ΔG (in kJ/mol) -4.87 -4.92 
ΔG≠P M (in kJ/mol) 128.5 128.3 
ΔG≠M P (in kJ/mol) 133.4 133.2 
t1/2 (in min) 47.3 14.9 
kP M (in s
-1) 4.63x10
-5 1.51 x10-4 
kM P (in s
-1) 1.98 x10
-4 6.27x10-4 
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9. Conclusions  
 We have prepared a set of helical compounds using a modular approach 
based on [2+2+2] cycloisomerisation of aromatic triynes under cobalt (I) catalysis. 
[7]helicene-like compound (P,S)-(+)-10, which represents a new structural type of 
possible liquid crystalline materials, was obtained in an optically pure form on a 
preparative scale. We have explored the diastereoselective synthesis as a general 
methodology for the preparation of functionalised helical compounds. A series of 
methoxy- and bromo-substituted helicene derivatives was successfully prepared with 
diastereoisomer ratios up to 100:0. In addition, we have developed a practical 
synthesis of racemic heptahelicene rac-87. Optically pure heptahelicene (M)-(-)-87 
and optically highly enriched (P)-(+)-87 were obtained by resolution of rac-87 by 
semipreparative HPLC on a chiral column. 
 We have developed an original approach to the synthesis of phosphite ligands 
bearing helically chiral moieties, which were subsequently used in enantioselective 
catalysis, namely in hydroformylation reactions and allylic aminations.  
A series of hydroformylations of styrene, 4-chlorostyrene and vinyl acetate 
performed with Rh(acac)(CO)2 under various conditions revealed that all helically 
chiral ligands under study afforded good to excellent regioselectivities. However, 
enantioselectivities achieved in these reactions were, in general, modest. 
Allylic aminations of two allylic carbonates 77 and 82 using several primary 
and secondary amines were conducted with the air-stable iridium catalyst 
[Ir(COD)Cl]2. The role of the solvent proved to be crucial; reactions carried out in 
tetrahydrofuran proceeded more slowly and with lower yields compared to those in 
dichloromethane. Ligand (P,S)-(+)-62 afforded excellent enantioselectivities (up to  
93 % ee) in all reactions. 
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10. Experimental section 
The NMR spectra were recorded on Bruker Avance 400 MHz spectrometer (1H 
at 400, 31P at 162.0, 13C at 100.6 MHz) and a Bruker Avance 500 MHz spectrometer 
(1H at 500, 19F at 470.6 13C at 125.8 MHz). Chemical shifts (in ppm, δ scale) were 
referenced to TMS as internal standard, coupling constants (J) are given in Hz. 
Various 2D techniques were used to establish the structures and to assign the 
signals. If not stated otherwise, NMR spectra were measured in CDCl3. IR spectra 
were recorded on Nicolet 750 FT-IR and wavenumbers are given in cm–1. If not 
stated otherwise, IR spectra were measured in CHCl3. FAB mass spectra (ionization 
by Xe, accelerating voltage 8 kV, thioglycerol-glycerol 3:1 matrix) and EI mass 
spectra were measured on a ZAB-EQ (VG Analytical) spectrometer. ES and APCI 
mass spectra were measured on a Q-TOF micro (Waters) spectrometer in positive 
mode. Optical rotations were recorded in dichloromethane or chloroform at 25 oC and 
are given in 10-1 deg cm2 g-1. Flash chromatography was performed on Merck Silica 
gel 60 (< 0.063 mm) or on Biotage KP-Sil® Silica cartridges (0.040-0.063 mm) used 
in Horizon HPFC system (Biotage, Inc.). All solvents for the reactions were of reagent 
grade and were dried and distilled under argon or nitrogen immediately before use as 
follows: tetrahydrofuran from sodium/benzophenone under nitrogen, toluene from 
sodium under nitrogen, dichloromethane, triethylamine and diisopropylamine from 
calcium hydride under nitrogen. Methanol was distilled from magnesium and stored 
over 4 Ǻ molecular sieves. For [2+2+2] cycloisomerisation experiments, decane and 
tetrahydrofuran were degassed by three freeze-pump-thaw cycles before use. 
Hydroformylation experiments were carried out in a BERGHOF HR-200 high 
pressure reactor with magnetic stirring and electrical heating. The inside part of the 
cover was made from Teflon® to protect the solution from direct contact with the 
stainless steel. For gas chromatographic analyses, Carlo Erba HRGC Mega2 Series 
MFC 800 chromatograph with a Carlo Erba EL 580 flame-ionization detector (FID) 
was used.  Separations were performed on the column Supelco’s Beta Dex 225.  
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1-Iodo-4-(4-propylcyclohexyl)benzene 2 
n-Butyllithium (1.6 M solution, 3.60 ml, 5.65 mmol, 1.1 equiv) 
was added at -78 oC under stirring to the solution of bromide 1 (1.50 g, 5.33 mmol) in 
THF (15 ml) under argon. The mixture was stirred at -78 oC for 10 minutes and then 
the solution of iodine (1.58 g, 6.24 mmol, 1.2 equiv) in THF (10 ml) was added. After 
stirring at -78 oC for 1 hour the mixture was warmed to room temperature and 
evaporated to dryness in vacuo. The residue was partitioned between 
dichloromethane and water, the organic layer was washed with water (1 x), Na2S2O3 
(5 %, 2 x) and dried with Na2SO4. The solvent was removed in vacuo and the residue 
was chromatographed on silica gel (hexanes) to afford 2 (1.65 g, 94 %) as an 
amorphous solid. 
1H NMR: 0.90 (3 H, t, J = 7.3), 0.98-1.08 (2 H, m), 1.17-1.27 (2 H, m), 1.23-1.32 (1 H, 
m), 1.30-1.39 (2 H, m), 1.37-1.45 (2 H, m), 1.82-1.89 (4 H, m), 2.40 (1 H, tt, J = 12.3, 
3.1), 6.96 (2 H, m), 7.59 (2 H, m).  
13C NMR: 14.37 (q), 20.00 (t), 33.45 (t), 34.20 (t), 36.97 (d), 39.66 (t), 44.21 (d), 
90.65 (s), 129.01 (d), 137.28 (d), 147.54 (s).  
IR: 3075 vw, 3062 vw, 3045 vw, 2959 s, 2925 vs, 2872 m, 2853 s, 1586 vw, 1565 vw, 
1487 s, 1466 m, 1449 m, 1403 w, 1379 w, 1274 vw, 1185 vw, 1102 w, 1065 w, 1006 
s, 956 w, 817 m, 701 vw, 528 m . 
EI MS: 328 (M+., 100), 244 (12), 230 (81), 217 (48), 204 (3), 129 (17), 116 (80), 103 
(25), 91 (55), 77 (36), 55 (44), 41 (59). 
HR EI MS: calculated for C15H21I 328.0688; found 328.0695. 
 
 
(2S)-(-)-4-[4-(4-Propylcyclohexyl)phenyl]-3-butyn-2-ol 
4 
A Schlenk flask was charged with iodide 2 (1.64 g, 5.00 mmol), Pd(CH3CN)2Cl2 (31 
mg, 0.12 mmol, 2.4 mol %), CuI (43 mg, 0.23 mmol, 4.5 mol %), triphenylphosphine 
(60 mg, 0.23 mmol, 4.5 mol %) and flushed with argon. Toluene (20 ml) was added, 
the mixture was cooled to 0 oC and degassed diisopropylamine (1.05 ml, 7.50 mmol, 
1.5 equiv) and propargylic alcohol (2S)-(-)-3 (430 µL, 5.50 mmol, 1.1 equiv) was 
I
OH
 63 
added. The mixture was stirred at 0 oC for 5 minutes and then at room temperature 
for 1.5 hour. Volatiles were removed in vacuo and the residue was extracted with 
ether. The solvent was removed in vacuo and the residue was chromatographed on 
silica gel (hexanes-ether 65:35) to afford (2S)-(-)-4 (1.25 g, 93 %) as an amorphous 
solid. 
1H NMR: 0.90 (3 H, t, J = 7.3), 0.99-1.09 (2 H, m), 1.18-1-24 (2 H, m), 1.24-1.32 (1 H, 
m), 1.31-1.37 (2 H, m), 1.35-1.47 (2 H, m), 1.54 (3 H, d, J = 6.6), 1.83-1.89 (4 H, m), 
2.44 (1 H, tt, J = 12.2, 3.2), 4.74 (1 H, dq, J = 6.6, 6.6, 6.6, 5.0), 7.12-7.17 (2 H, m), 
7.32-7.36 (2 H, m).   
13C NMR: 14.39 (q), 20.01 (t), 24.48 (q), 33.48 (t), 34.14 (t), 37.00 (d), 39.69 (t), 
44.55 (d), 58.94 (d), 84.24 (s), 90.22 (s), 119.87 (s), 126.83 (d), 131.62 (d), 148.45 
(s).  
IR: 3604 m, 3452 vw (broad), 3082 w, 2985 m, 2959 s, 2926 vs, 2873 m, 2853 s, 
2230 w, 1609 w, 1511 m, 1466 w, 1448 m, 1413 w, 1379 m, 1330 w, 1125 w (sh), 
1100 m, 1075 w (sh), 1027 m, 1019 m, 968 w, 933 w, 851 w, 835 m, 472 vw, 437 vw 
. 
EI MS: 270 (M+., 36), 255 (31), 185 (8), 171 (10), 157 (20), 145 (100), 131 (28), 115 
(26), 103 (8), 91 (10), 83 (15), 77 (10), 69 (29), 55 (28), 43 (70). 
HR EI MS: calculated for C19H26O 270.1984; found 270.1988. 
Optical rotation: [ ]22D –17° (c 0.09, CH2Cl2). 
 
(-)-1-Iodo-2-[({(1S)-1-methyl-3-[4-(4-propyl-
cyclohexyl)phenyl]-2-propynyl}oxy)methyl]-
naphthalene 6 
A Schlenk flask was charged with KH (20 % suspension in mineral oil, 1.01 g, 5.05 
mmol, 1.21 equiv), flushed with argon and hydride was washed with hexane (3 x). 
THF (10 ml) was added and the mixture was cooled to 0 oC. The solution of alcohol 
(2S)-(-)-4 (1.24 g, 4.59 mmol, 1.1 equiv) in THF (10 ml) was added dropwise and the 
mixture was stirred at 0 oC for 30 minutes. Benzylic bromide 5 (1.45 g, 4.17 mmol) in 
THF (10 ml) was added and the mixture was stirred at 0 oC to room temperature for 
30 minutes. The reaction mixture was quenched with aqueous NH4Cl (saturated) and 
I
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diluted with ether. Organic layer was separated and the aqueous layer was extracted 
with ether (3 x). The ethereal portions were combined, washed with water (1 x) and 
dried with Na2SO4. The solvent was removed in vacuo and the residue was 
chromatographed on silica gel (hexanes-ether 99:1) to afford (1S)-(-)-6 (2.16 g, 97 %) 
as an amorphous solid. 
1H NMR: 0.90 (3 H, t, J = 7.3), 0.99-1.08 (2 H, m), 1.18-1.28 (2 H, m), 1.24-1.32 (1 H, 
m), 1.30-1.37 (2 H, m), 1.38-1.47 (2 H, m), 1.61 (3 H, d, J = 6.6), 1.83-1.89 (4 H, m), 
2.45 (1 H, tt, J = 12.2, 3.2), 4.57 (1 H, q, J = 6.6), 4.90 (1 H, d, J = 12.8), 5.09 (1 H, d, 
J = 12.8 ) 7.14 (2 H, m), 7.38 (2 H, m), 7.49 (1 H, ddd, J = 8.0, 6.8, 1.2), 7.56 (1 H, 
ddd, J = 8.5, 6.8, 1.5), 7.64 (1 H, d, J = 8.4), 7.77 (1 H, ddt, J = 8.0, 1.5, 0.8, 0.8), 
7.81 (1 H, brd, J = 8.4), 8.25 (1 H, dq, J = 8.5, 1.0, 1.0, 1.0).   
13C NMR: 14.38 (q), 20.01 (t), 22.28 (q), 33.47 (t), 34.14 (t), 36.99 (d), 39.68 (t), 
44.56 (d), 65.80 (d), 76.02 (t), 85.76 (s), 88.11 (s), 103.55 (s), 120.03 (s), 126.40 (d), 
126.44 (d), 126.81 (d), 127.66 (d), 128.26 (d), 128.71 (d), 131.73 (d), 132.36 (d), 
133.73 (s), 134.74 (s), 139.95 (s), 148.39 (s).  
IR: 3059 w, 2958 s, 2926 vs, 2872 m, 2853 s, 2227 w, 1621 vw, 1609 w, 1596 vw, 
1552 w, 1510 m, 1502 m, 1466 w, 1448 m, 1425 w, 1413 w, 1328 s, 1257 w, 1129 m 
(sh), 1108 s (sh), 1095 s, 1031 w, 1019 w, 970 w (sh), 959 m, 863 w, 835 m, 816 s, 
558 w, 523 w . 
EI MS: 365 (M+., 100), 282 (2), 267 (8), 253 (6), 241 (3), 169 (3), 155 (2), 141 (14), 
97 (2), 83 (9), 69 (16), 55 (10), 43 (5). 
FAB MS: 517, 365, 361, 277, 267, 253, 201, 181, 165, 141, 129, 115, 91, 83, 75, 69, 
57. 
HR APCI MS: calculated for C30H34IO (M + H
+) 537.1654; found 537.1631. 
Optical rotation: [ ]22D –145° (c 0.09, CH2Cl2). 
 
 
(-)-Triisopropyl{4-[1-({2-[({(1S)-1-methyl-3-[4-
(4-propylcyclohexyl)phenyl]-2-propynyl}oxy)-
methyl]-1-naphthyl}ethynyl)-2-naphthyl]-1-
butynyl}silane 8 
O
TIPS
 65 
A Schlenk flask was charged with Pd(PPh3)4 (255 mg, 0.220 mmol, 5.5 mol %), CuI 
(78 mg, 0.409 mmol, 10.2 mol %) and flushed with argon. Degassed 
diisopropylamine (10 ml) was added followed by iodide  
(1S)-(-)-6 (2.15 g, 4.01 mmol) in diisopropylamine (10 ml) and the mixture was stirred 
at room temperature for 10 minutes. Then diyne 7 (1.73 g, 4.81 mmol, 1.2 equiv) in 
diisopropylamine (10 ml) was added and the mixture was stirred at room temperature 
for 2 h. Volatiles were removed in vacuo and the residue was chromatographed on 
silica gel (hexanes-ether 99:1) to afford (1S)-(-)-8 (2.46 g, 80 %) as an amorphous 
solid. 
1H NMR: 0.90 (3 H, t, J = 7.3), 0.94-1.02 (21 H, m), 0.99-1.07 (2 H, m), 1.18-1.26 (2 
H, m), 1.23-1.32 (1 H, m), 1.30-1.36 (2 H, m), 1.34-1.43 (2 H, m), 1.61 (3 H, d, J = 
6.6), 1.79-1.84 (4 H, m), 2.38 (1 H, tt, J = 12.2, 3.3), 2.78 (2 H, t, J = 7.3), 3.39 (2 H, 
dt, J = 7.3, 7.3, 1.4), 4.60 (1 H, q, J = 6.6), 5.25 (1 H, d, J = 12.6), 5.37 (1 H, d, J = 
12.6), 6.96 (2 H, m), 7.18 (2 H, m), 7.46 (1 H, ddd, J = 8.1, 6.8, 1.2), 7.51 (1 H, d, J = 
8.5), 7.52 (1 H, ddd, J = 8.4, 6.8, 1.4), 7.53 (1 H, ddd, J = 8.1, 6.8, 1.2), 7.62 (1 H, 
ddd, J = 8.4, 6.8, 1.4), 7.77 (1 H, d, J = 8.5), 7.78 (1 H, brd, J = 8.5), 7.84 (1 H, ddt, J 
= 8.1, 1.4, 0.8, 0.8), 7.88 (1 H, ddt, J = 8.1, 1.4, 0.9, 0.9), 7.89 (1 H, brd, J = 8.5), 
8.59 (1 H, dq, J = 8.4, 1.0, 1.0, 1.0), 8.61 (1 H, dq, J = 8.4, 1.0, 1.0, 1.0).   
13C NMR: 11.29 (d), 14.39 (q), 18.57 (q), 20.02 (t), 21.33 (t), 22.38 (q), 33.49 (t), 
34.10 (t), 34.84 (t), 37.01 (t), 39.70 (t), 44.49 (d), 65.67 (d), 69.39 (t), 81.39 (s), 85.68 
(s), 88.27 (s), 94.31 (s), 95.99 (s), 107.92 (s), 119.32 (s), 119.48 (s), 119.91 (s), 
125.67 (d), 125.78 (d), 126.23 (d), 126.27 (d), 126.31 (d), 126.60 (d), 126.98 (d), 
127.10 (d), 127.66 (d), 128.07 (d), 128.24 (d), 128.42 (d), 128.65 (d), 131.62 (d), 
132.08 (s), 132.70 (s), 133.46 (s), 133.76 (s), 139.02 (s), 141.75 (s), 148.10 (s). 
IR: 3060 w, 2959 s, 2926 vs, 2865 s, 2226 vw, 2170 w, 1621 vw, 1610 vw, 1593 w, 
1571 w, 1509 m, 1464 m, 1449 w, 1429 w (sh), 1414 w (sh), 1399 w, 1382 w, 1374 
w, 1365 w (sh), 1328 m, 1255 w, 1129 w (sh), 1108 m (sh), 1094 m, 1074 w, 1019 w, 
996 w, 968 w, 952 w, 884 m, 867 w, 835 w, 819 m, 678 w, 660 w, 616 w, 559 w . 
EI MS: 769 (M+., 2), 726 (3), 663 (3), 648 (4), 560 (3), 516 (5), 471 (8), 441 (9), 410 
(5), 367 (15), 341 (20), 269 (5), 253 (36), 157 (20), 141 (57), 129 (60), 97 (16), 83 
(26), 69 (100), 55 (49), 41 (47). 
HR EI MS: calculated for C55H64OSi 768.4726; found 768.4724. 
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Optical rotation: [ ]22D –163° (c 0.13, CH2Cl2). 
 
 
(-)-1-{[2-(3-Butynyl)-1-naphthyl]ethynyl}-2-
[({(1S)-1-methyl-3-[4-(4-propylcyclohexyl)-
phenyl]-2-propynyl}oxy)methyl]naphthalene 9 
A Schlenk flask was charged with triyne (1S)-(-)-
8 (160 mg, 0.208 mmol) and flushed with argon. 
THF (4 ml) and n-Bu4NF (1.07 M in THF, 220 µL, 0.235 mmol, 1.1 equiv) were added 
and the mixture was stirred at room temperature for 2 h. The solvent was removed in 
vacuo and the residue was chromatographed on silica gel (hexanes-ether 97:3) to 
afford (1S)-(-)-9 (117 mg, 92 %) as an amorphous solid. 
1H NMR: 0.90 (3 H, t, J = 7.3), 0.97-1.07 (2 H, m), 1.18-1.24 (2 H, m), 1.23-1.32 (1 H, 
m), 1.30-1.37 (2 H, m), 1.34-1.42 (2 H, m), 1.62 (3 H, d, J = 6.6), 1.79-1.88 (4 H, m), 
2.00 (1 H, t, J = 2.6), 2.38 (1 H, tt, J = 12.3, 3.2), 2.70 (2 H, dt, J = 7.6, 7.6, 2.6), 3.40 
(2 H, t, J = 7.6), 4.62 (1 H, q, J = 6.6), 5.27 (1 H, d, J = 12.6), 5.39 (1 H, d, J = 12.6), 
6.95 (2 H, m), 7.18 (2 H, m), 7.45 (1 H, d, J = 8.4), 7.47 (1 H, ddd, J = 8.1, 6.8, 1.3), 
7.54 (1 H, ddd, J = 8.4, 6.8, 1.4), 7.54 (1 H, ddd, J = 8.1, 6.8, 1.2), 7.64 (1 H, ddd, J = 
8.4, 6.8, 1.4), 7.78 (1 H, d, J = 8.5), 7.81 (1 H, brd, J = 8.4), 7.84 (1 H, ddt, J = 8.1, 
1.4, 0.9, 0.9), 7.88 (1 H, ddt, J = 8.1, 1.4, 0.9, 0.9), 7.90 (1 H, brd, J = 8.5), 8.60 (1 H, 
dq, J = 8.4, 1.0, 1.0, 1.0), 8.62 (1 H, dq, J = 8.4, 1.0, 1.0, 1.0). 
13C NMR: 14.39 (q), 19.98 (t), 20.01 (t), 22.39 (q), 33.48 (t), 34.10 (t), 34.66 (t), 37.00 
(t), 39.69 (t), 44.49 (d), 65.71 (d), 69.22 (d), 69.40 (t), 83.71 (s), 85.70 (s), 88.27 (s), 
94.40 (s), 95.84 (s), 119.17 (s), 119.62 (s), 119.88 (s), 125.64 (d), 125.92 (d), 126.28 
(d), 126.31 (d), 126.34 (d), 126.59 (d), 127.13 (2 x d), 127.29 (d), 128.12 (d), 128.28 
(d), 128.62 (d), 128.74 (d), 131.61 (d), 132.08 (s), 132.70 (s), 133.46 (s), 133.76 (s), 
139.13 (s), 141.37 (s), 148.11 (s).  
IR: 3309 m, 3060 w, 2226 w, 2119 w, 1620 w, 1609 w, 1593 w, 1571 w, 1509 m, 
1466 m, 1448 m, 1415 w (sh), 1399 m, 1374 m, 1329 m, 1312 w (sh), 1275 w (sh), 
1257 w, 1110 s (sh), 1094 s, 1023 m, 967 w, 867 w, 834 m, 819 s, 640 m (broad)  
. 
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EI MS: 612 (M+., 15), 596 (12), 568 (21), 558 (12), 487 (6), 472 (10), 444 (31), 429 
(11), 368 (28), 342 (32), 329 (46), 302 (33), 289 (46), 253 (50), 191 (45), 165 (32), 
141 (43), 129 (55), 97 (37), 83 (86), 69 (100), 57 (63), 43 (77). 
HR EI MS: calculated for C46H44O 612.3392; found 612.3405. 
Optical rotation: [ ]22D –141° (c 0.11, CH2Cl2). 
 
 
(P,1S)-(+)-1-Methyl-19-[4-(4-propylcyclohexyl)-
phenyl]-1,3,16,17-tetrahydrobenzo[5,6]-
phenanthro[3,4-c]naphtho[1,2-e]oxepine 10 
A three-necked flask with an inner thermometer was charged with triyne (S)-(-)-9 
(600 mg, 0.979 mmol) and triphenylphosphine (514 mg, 1.958 mmol, 2.0 equiv). The 
reaction vessel was flushed with argon, decane (30 ml) was added and the solids 
were dissolved at 80 oC under stirring. CpCo(CO)2 (130 μl, 0.979 mmol, 1.0 equiv) in 
decane (5 ml) was added and the reaction mixture was stirred at 140 oC for 6 h under 
simultaneous irradiation with a halogen lamp. The solvent was removed in vacuo and 
the residue was chromatographed on silica gel (hexanes-ether 100:0 to 85:15) to 
afford the mixture of (M,S)-(-)- and (P,S)-(+)-10 (451 mg, 75 %) as an amorphous 
solid. The diastereomeric ratio was 87:13 in favour of (P,S) stereomer (according to 
the 1H NMR spectrum).  
Diastereomerically pure (P,S)-(+)-10 was obtained by the following procedure. The 
mixture of (M,S)-(-)- and (P,S)-(+)-10 (560 mg, ca 13:87) was dissolved in refluxing 
ethanol (45 ml) and the mixture was concentrated in vacuo to the volume of 35 ml. 
The solution was left to crystallize at 0 oC overnight. Crystals (123 mg, a mixture of 
both diastereomers) were separated and the supernatant was evaporated to dryness 
in vacuo. The residue (435 mg, highly enriched (P,S)-(+) diastereomer) was 
recrystallized from refluxing heptane (15 ml) to yield diastereomerically pure (P,S)-
(+)-10 (148 mg). The second crop of diastereomerically pure (P,S)-(+)-10 (130 mg) 
was obtained by recrystallizing the evaporated mother liqueur (287 mg) from refluxing 
heptane (10 ml). Diastereomeric purity of all fractions was thoroughly checked by 1H 
NMR or by HPLC on a Chiracel OD-H column (heptane-isopropanol 95:5). 
Mp: 143-144 oC (heptane). 
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1H NMR: 0.57 (3 H, d, J = 7.1), 0.92 (3 H, t, J = 7.2), 1.05-1.15 (2 H, m), 1.18-1.26 (2 
H, m), 1.34-1.40 (3 H, m), 1.47-1.56 (2 H, m), 1.87-1.94 (2 H, m), 1.96-2.02 (2 H, m), 
2.56 (1 H, tt, J = 12.1), 2.78-2.86 (1 H, m), 2.95-3.01 (2 H, m, 16), 3.08 (1 H, brdt, J = 
14.7, 14.7, 4.1), 4.87 (1 H, d, J = 11.6), 5.21 (1 H, d, J = 11.6), 5.39 (1 H, q, J = 7.1), 
6.57 (1 H, ddd, J = 8.4, 6.8, 1.4), 6.73 (1 H, ddd, J = 8.4, 6.8, 1.3), 6.86 (1 H, ddd, J = 
8.1, 6.8, 1.2), 6.97 (1 H, ddd, J = 8.0, 6.8, 1.2), 6.98 (1 H, ddt, J = 8.4, 1.2, 0.8, 0.8), 
7.07 (1 H, dq, J = 8.4, 0.9, 0.9, 0.9), 7.20 (1 H, ddt, J = 8.1, 1.4, 0.8, 0.8), 7.25 (1 H, 
d, J= 8.2), 7.29 (1 H, brd, J = 8.2), 7.31 (1 H, ddt, J = 8.0, 1.3, 0.8, 0.8), 7.32 (2 H, 
m), 7.39 (1 H, d, J = 8.2), 7.43 (1 H, brd, J = 8.2), 7.45 (2 H, m), 7.51 (1 H, d, J = 
1.0). 
13C NMR: 14.44 (q), 20.05 (t), 22.63 (q), 30.70 (t), 30.77 (t), 33.61 (t), 34.43 (t), 37.05 
(d), 39.75 (t), 44.37 (d), 72.52 (d), 68.41 (t), 123.60 (d), 123.87 (d), 124.65 (d), 
124.67 (d), 124.88 (d), 125.29 (d), 125.59 (d), 126.26 (d), 126.86 (d), 127.01 (d), 
127.32 (d), 128.41 (d), 129.27 (s), 129.27 (d), 129.31 (d), 129.90 (s), 131.85 (s), 
132.09 (s), 132.84 (s), 134.37 (s), 134.46 (s), 136.65 (s), 138.39 (s), 138.44 (s), 
138.94 (s), 140.55 (s), 141.90 (s). 
IR: 3054 m, 2958 s, 2927 vs, 2871 s, 2855 s, 1620 w, 1612 w, 1594 w, 1585 w, 1568 
w, 1511 m, 1495 w, 1466 m, 1448 m, 1426 w, 1416 w, 1399 w, 1377 m, 1371 m, 
1083 s, 1075 s . 
EI MS: 612 (M+., 100), 597 (9), 569 (12), 472 (4), 454 (5), 441 (6), 167 (6), 141 (8), 
109 (8), 97 (22), 83 (30), 69 (25), 57 (30), 43 (60). 
HR EI MS: calculated for C46H44O 612.3392; found 612.3379. 
Optical rotation: [ ]22D +244° (c 0.11, CH2Cl2). 
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UV absorption spectrum (top, ordinate on the right, red) and CD spectrum (bottom, 
ordinate on the left, blue) of 1.0 x 10-3 M solution of (P,1S)-(+)-18 in CH3CN. 
 
(-)-Triisopropyl[4-(2-{[2-methoxy-6-({[(1S)-1-methyl-3-(4-
methylphenyl)-2-
propynyl]oxy}methyl)phenyl]ethynyl}phenyl)-1-
butynyl]silane 13 
A Schlenk flask was charged with iodide 12 (67 mg, 0.161 
mmol, 1.09 equiv), Pd(PPh3)4 (10.0 mg, 8.28 µmol, 5 mol %) and CuI (3.0 mg, 16.4 
µmol, 10 mol %) and put under argon. Diisopropylamine (2 ml) was added and the 
resulting solution was stirred at room temperature for 5 min. A solution of diyne 
(S)-(-)-11 (50 mg, 0.148 mmol) in diisopropylamine (2 ml) was added and the 
reaction was stirred at room temperature for 2 h. Solvent was removed in vacuo and 
the crude product was chromatographed on silica gel (petroleum ether-ether 100:0 to 
95:5) to provide triyne (S)-(-)-13 (63 mg, 72 %) as an oil.  
1H NMR: 0.96-1.06 (21 H, m), 1.58 (3 H, d, J = 6.6), 2.33 (3 H, s), 2.71 (2 H, t, J = 
7.3), 3.10 (2 H, t, J = 7.3), 3.92 (3 H, s), 4.54 (1 H, q, J = 6.6), 4.88 (1 H, d, J = 12.7), 
5.05 (1 H, d, J = 12.7), 6.84 (1 H, dd, J = 8.4, 1.1), 7.05 (1 H, m), 7.09 (1 H, dt, J = 
7.5, 7.5, 1.4), 7.17 (1 H, dq, J = 7.7, 0.9, 0.9, 0.9), 7.21 (1 H, dt, J = 7.5, 7.5, 1.4), 
7.29 (1 H, m), 7.30 (1 H, dd, J = 8.4, 7.7 ), 7.30 (1 H, brdd, J = 7.4, 1.4), 7.47 (1 H, 
brdd, J = 7.6, 1.3).  
O
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13C NMR: 11.28 (d), 18.59 (q), 20.80 (t), 21.45 (q), 22.29 (q), 34.16 (t) , 55.98 (q), 
65.62 (d), 68.76 (t), 84.31 (s), 80.72 (s), 85.39 (s), 87.04 (s), 88.37 (s), 96.96 (s), 
108.55 (s), 109.43 (d), 111.33 (s), 119.66 (s), 119.82 (d), 122.87 (s), 126.12 (d), 
128.07 (d), 129.18 (d), 128.93 (d), 129.54 (d), 131.65 (d), 132.19 (d), 138.26 (s), 
141.53 (s), 142.35 (s), 160.33 (s).  
IR: 3063 w, 3030 w, 2866 vs, 2840 m (sh), 2226 w, 2169 m, 1596 w, 1577 m, 1510 s, 
1489 m, 1473 vs, 1463 s, 1450 m (sh), 1438 m, 1407 w, 1388 m, 1383 m, 1372 m, 
1367 w (sh), 1329 m, 1299 m (sh), 1270 s, 1131 m (sh), 1119 m (sh), 1106 m (sh), 
1098 s (sh), 1087 s, 1075 s (sh), 1029 m (sh), 1020 m (sh), 996 m, 919 w, 884 s, 865 
w (sh), 819 s, 678 m, 662 s, 619 w, 542 w, 499 w.  
EI MS: 588 (M +., 3), 573 (1), 545 (7), 487 (5), 445 (15), 415 (6), 401 (34), 379 (7), 
359 (5), 271 (10), 239 (12), 215 (8), 159 (14), 143 (100), 128 (42), 115 (35), 87 (16), 
73 (21), 55 (32), 43 (59).  
HR EI MS: calculated for C40H48O2Si 588.3424; found 588.3443.  
Optical rotation: [ ]22D -105 (c 0.10, CH2Cl2). 
 
(-)-2-{[2-(3-Butynyl)phenyl]ethynyl}-1-methoxy-3-({[(1S)-
1-methyl-3-(4-methylphenyl)-2-
propynyl]oxy}methyl)benzene 14 
A Schlenk flask was charged with a solution of triyne (S)-(-)-
13 (60 mg, 0.102 mmol) in THF (3 ml) under argon. A tetrabutylammonium fluoride 
solution (0.96 M in THF, 127 µl, 0.122 mmol, 1.2 equiv) was added and the reaction 
mixture was stirred at room temperature for 15 min. Solvent was removed in vacuo 
and the crude product was chromatographed on silica gel (petroleum ether-ether 
100:0 to 95:5) to provide triyne (S)-(-)-14 (38 mg, 86 %) as an oil.  
1H NMR: 1.59 (3 H, d, J = 6.6), 1.96 (1 H, t, J = 2.6), 2.33 (3 H, bs), 2.62 (2 H, dt, J = 
7.5, 7.5, 2.6), 3.12 (2 H, t, J = 7.5), 3.93 (3 H, s), 4.56 (1 H, q, J = 6.6), 4.89 (1 H, dd, 
J = 12.7, 0.4), 5.06 (1 H, bd, J = 12.7), 6.85 (1 H, dd, J = 8.3, 1.0), 7.05 (1 H, m), 7.11 
(1 H, ddd, J = 7.7, 6.8, 2.0), 7.18 (1 H, dt, J = 7.7, 0.8, 0.8), 7.24 (1 H, ddd, J = 7.7, 
6.8, 1.4), 7.26 (1 H, dd, J = 7.7, 2.0), 7.29 (1 H, m), 7.31 (2 H, dd, J = 8.3, 7.7), 7.48 
(1 H, ddd, J = 7.7, 1.4, 0.7).  
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13C NMR: 19.42 (t), 21.45 (q), 22.30 (q), 33.92 (t) , 55.94 (q), 65.66 (d), 68.68 (d), 
68.76 (t), 84.31 (s), 85.40 (s), 87.23 (s), 88.39 (s), 96.73 (s), 109.42 (d), 111.19 (s), 
119.65 (d), 119.80 (s), 123.02 (s), 126.30 (d), 128.18 (d), 128.93 (d), 129.11 (d), 
129.26 (d), 131.65 (d), 132.26 (d), 138.27 (s), 141.58 (s), 142.15 (s), 160.37 (s).  
IR: 3308 m, 3066 w, 3031 w, 2840 w, 2226 w, 2117 w, 1596 w, 1577 m, 1510 s, 
1490 m, 1473 vs, 1460 m, 1451 m (sh), 1438 m, 1408 w, 1388 w, 1372 w, 1329 m, 
1298 m, 1271 s, 1130 m (sh), 1119 m (sh), 1106 m (sh), 1096 s (sh), 1087 s, 1031 m 
(sh), 1022 w (sh), 867 w, 819 s, 639 m, 544 w, 495 w.  
EI MS: 432 (M +., 2), 417 (10), 399 (3), 379 (6), 357 (4), 341 (3), 302 (3), 289 (4), 273 
(8), 256 (7), 245 (6), 223 (10), 215 (11), 189 (9), 165 (7), 149 (100), 143 (33), 115 
(20), 103 (16), 81 (15), 69 (29), 57 (55), 41 (41).  
HR EI MS: for C31H28O2 432.2089; found 432.2081.  
Optical rotation: [ ]22D -140 (c 0.10, CH2Cl2). 
 
(3S)-12-methoxy-3-methyl-4-(4-methylphenyl)-1,3,6,7-
tetrahydrobenzo[c]phenanthro[4,3-e]oxepine 15 
A three-necked flask with an inner thermometer was charged with 
triyne (S)-(-)-14 (80 mg, 0.185 mmol) and triphenylphosphine (97 mg, 0.370 mmol, 
2.0 equiv). The reaction vessel was flushed with argon, decane (2 ml) was added and 
the solids were dissolved at 75 oC under stirring. CpCo(CO)2 (25 μl, 0.185 mmol, 1.0 
equiv) in decane (1.5 ml) was added and the reaction mixture was stirred at 140 oC 
for 4 h under simultaneous irradiation with a halogen lamp. The solvent was removed 
in vacuo and the residue was chromatographed on silica gel (hexanes-ether 100:0 to 
95:5) to afford the mixture of (M,S)-(-)- and (P,S)-(+)-15 (55 mg, 68 %) as an 
amorphous solid. The diastereomeric ratio was 90:10 in favour of (P,S) stereomer 
(according to the 1H NMR spectrum).  
 1H NMR: 0.73 (3 H, d, J = 7.1), 2.40 (3 H, bs), 2.70-3.01 (4 H, m), 3.04 (3 H, s), 4.58 
(1 H, d, J = 11.4), 4.76 (1 H, d, J = 11.4), 5.25 (1 H, q, J = 7.1), 6.66 (1 H, dd, J = 7.9, 
1.4), 6.69 (1 H, dd, J = 8.3, 1.1), 6.74 (1 H, bddt, J = 7.9, 7.9, 1.3, 1.0), 7.04 (1 H, dt, 
J = 7.4, 7.4, 1.4), 7.11 (1 H, dd, J = 7.5, 1.1), 7.22 (2 H, m), 7.23 (1 H, d, J = 1.0), 
7.24 (1 H, bdd, J = 7.6, 1.3), 7.29 (2 H, m), 7.33 (1 H, dd, J = 8.3, 7.5). 
13C NMR: 21.18 (q), 22.39 (q), 29.70 (t), 29.88 (t), 54.93 (q), 67.42 (t), 72.13 (d), 
111.92 (d), 121.39 (d), 125.06 (d), 126.13 (d), 126.49 (d), 127.01 (d), 128.89 (d), 
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128.89 (d), 129.32 (d), 129.72 (d), 129.94 (s), 131.66 (s), 134.63 (s), 135.34 (s), 
135.76 (s), 136.58 (s), 138.17 (s), 138.33 (s), 138.63 (s), 138.78 (s), 141.31 (s), 
155.52 (s). 
IR: 3062 m, 3007 vs, 2962 s, 2933 s, 2862 m, 2838 m, 1594 m, 1582 m, 1514 m, 
1488 m (sh), 1475 vs, 1463 s, 1452 m (sh), 1438 s, 1379 w (sh), 1369 m, 1300 m, 
1290 m, 1276 vs, 1260 vs, 1185 m, 1164 m, 1120 w, 1112 m (sh), 1094 vs, 1079 s, 
1072 s, 1045 m, 1030 m, 1022 w, 900 w (sh), 891 w, 835 m, 822 s, 588 w, 542 w, 
489 w, 477 w. 
EI MS: 432 (M +., 100), 417 (78), 389 (35), 374 (8), 163 (6), 57 (13). 
HR EI MS: calculated for C31H28O2 432.2089; found 432.2083. 
Optical rotation: [ ]22D +170° (c 0.20, CH2Cl2) for (P,1S)-(-)-15:(M,1S)-15=90:10. 
 
(1-Iodo-7-methoxynaphthalen-2-yl)methanol 17 
Butyllithium (1.6 M in hexanes, 780 μl, 1.247 mmol, 2.22 equiv) 
was added to bromide 16 (150 mg, 0.562 mmol) in tetrahydrofuran (3 ml) at -90 °C 
under argon. The mixture was stirred 30 min at -90 °C. Iodine (349 mg, 1.376 mmol, 
2.45 equiv) in tetrahydrofuran (2 ml) was added and the reaction mixture was stirred 
at -90 °C for 40 min. The solvent was evaporated in vacuo and the residue was 
partitioned between dichloromethane and water. The organic layer was separated, 
washed with aqueous Na2S2O3 (2 x), water and dried over anhydrous Na2SO4. 
Volatiles were removed in vacuo to afford 17 (164 mg, 93 %) as an amorphous solid. 
1H NMR: 2.12 (1 H, t, J = 6.0), 3.99 (3 H, s), 4.94 (2 H, d, J = 6.0), 7.16 (1 H, dd, J = 
8.9, 2.5), 7.48 (1 H, d, J = 8.3), 7.56 (1 H, d, J = 2.5), 7.70 (1 H, d, J = 8.9), 7.77 (1 H, 
bd, J = 8.3).  
13C NMR: 55.44 (q), 71.11 (t), 101.63 (s), 110.88 (d), 119.32 (d), 123.72 (d), 128.78 
(d), 129.02 (s), 130.03 (d), 136.05 (s), 142.23 (s), 159.42 (s).  
IR: 3611 w, 3064 w, 2840 w, 1626 vs, 1598 w, 1552 w, 1510 vs, 1460 s, 1441 m, 
1414 w, 1377 m, 1262 m, 1179 m, 1124 m, 1061 m, 1034 m, 982 w, 962 w, 841 vs, 
698 w, 650 w, 520 w.  
EI MS: 314 (M+., 100), 256 (10), 186 (10), 156 (12), 144 (33), 127 (20), 115 (40), 97 
(9), 83 (12), 69 (20), 55 (30), 43 (38).  
HR EI MS: calculated for C12H11IO2 313.9804; found 313.9815. 
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2-(Bromomethyl)-1-iodo-7-methoxynaphthalene 18 
A Schlenk flask was charged with alcohol 17 (150 mg, 0.478 mmol) 
and put under argon. THF (4 ml) was added and the solution was cooled to 0 oC. 
Phosphorus tribromide (24 μl, 0.255 mmol, 1.60 equiv) was added dropwise and the 
reaction mixture was stirred at 0 oC for 1 h. Solvent was removed in vacuo and the 
crude product was chromatographed on silica gel (petroleum ether-ether-acetone 
80:10:10) to provide bromide 18 (142 mg, 79 %) as an amorphous solid.  
1H NMR: 3.99 (3 H, s), 4.69 (2 H, s), 7.17 (1 H, dd, J = 8.8, 2.5), 7.42 (1 H, d, J = 
8.3), 7.58 (1 H, bd, J = 2.5), 7.68 (1 H, dt, J = 8.8, 0.5, 0.5), 7.72 (1 H, dt, J = 8.3, 0.6, 
0.6).  
13C NMR: 41.33 (t), 55.48 (q), 104.87 (s), 111.86 (d), 119.86 (d), 124.95 (d), 128.79 
(s), 129.07 (d), 129.95 (d), 136.60 (s), 139.69 (s), 159.64 (s).  
IR: 3062 w, 2838 w, 1624 vs, 1600 w, 1553 w, 1511 vs, 1459 s, 1439 m, 1407 w, 
1378 m, 1262 m, 1179 m, 1127 m, 1034 m, 986 m, 965 m, 840 vs, 693 m, 650 w, 
628 w, 546 w, 518 w.  
EI MS: 378 (M+. with 81Br, 29), 376 (M+. with 79Br, 29), 297 (100), 256 (7), 170 (24), 
155 (26), 127 (27), 97 (8), 83 (9), 69 (19), 55 (22), 41 (28).  
HR EI MS: calculated for C12H10O
 79BrI 375.8960; found 375.8962. 
 
(-)-1-Iodo-7-methoxy-2-({[(1S)-1-methyl-3-(4-
methylphenyl)-2-propynyl]oxy}methyl)naphthalene 
20 
A Schlenk flask was charged with a solution of alcohol (S)-(-)-19 (83 mg, 0.518 mmol, 
1.50 equiv) in THF (2 ml) under argon. The solution was cooled to -35 oC and DMSO 
(150 µl) and a butyllithium solution (1.6 M in hexanes, 325 μl, 0.520 mmol, 1.51 
equiv) were added. After stirring at 0 oC for 10 min, a solution of bromide 18 (130 mg, 
0.345 mmol) in THF (2 ml) was added and the reaction mixture was stirred at 40 °C 
for 20 h. Solvent was removed in vacuo and the crude product was chromatographed 
on silica gel (petroleum ether-ether 100:0 to 95:5) to provide (S)-(-)-20 (103 mg, 65 
%) as an oil. 
1H NMR: 1.62 (3 H, d, J = 6.6), 2.35 (3 H, s), 3.99 (3 H, s), 4.56 (1 H, q, J = 6.6), 4.88 
(1 H, d, J = 12.7), 5.02 (1 H, d, J = 12.7), 7.11 (2 H, m), 7.15 (1 H, dd, J = 8.9, 2.6), 
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7.35 (2 H, m), 7.50 (1 H, d, J = 8.3), 7.59 (1 H, d, J = 2.6), 7.68 (1 H, d, J = 8.9), 7.74 
(1 H, bd, J = 8.3).  
13C NMR: 21.46 (q), 22.27 (q), 55.43 (q), 65.75 (d), 76.19 (t), 85.67 (s), 88.20 (s), 
102.24 (s), 111.22 (d), 119.15 (d), 119.70 (s), 124.25 (d), 128.41 (d), 129.02 (d), 
129.07 (s), 129.97 (d), 131.67 (d), 136.14 (s), 138.43 (s), 140.31 (s), 159.31 (s).  
IR: 3083 w, 3063 w, 3031 w, 2840 w (sh), 2225 w, 1626 s, 1612 m (sh), 1600 w, 
1553 w, 1510 vs, 1460 s, 1441 m, 1375 m, 1327 m, 1306 m, 1270 m (sh), 1258 m, 
1230 s, 1178 m, 1124 s, 1108 s (sh), 1094 s, 1035 m, 1022 w, 962 m, 841 s, 819 s, 
702 w, 654 w, 518 w.  
FAB MS: 479 (M + Na+), 457, 297, 285, 263, 253, 171, 143, 128, 79, 61.  
HR FAB MS: calculated for C23H21IO2 457.0665; found 457.0677.  
Optical rotation: [ ]22D -102 (c 0.16, CH2Cl2). 
 
(-)-{[7-Methoxy-2-({[(1S)-1-methyl-3-(4-
methylphenyl)-2-propynyl]oxy}methyl)-1-
naphthyl]ethynyl}(trimethyl)silane 21 
A sealed tube was charged with iodide (S)-(-)-20 (95 mg, 0.208 mmol), Pd(PPh3)4 (13 
mg, 11.3 µmol, 5 mol %) and CuI (4 mg, 21.0 µmol, 10 mol %) and put under argon. 
Diisopropylamine (2 ml) and trimethylsilylacetylene (34 µl, 0.241 mmol, 1.16 equiv) 
were added and the reaction mixture was stirred at 80 °C for 4 h. Solvents were 
removed in vacuo and the crude product was chromatographed on silica gel 
(petroleum ether-ether 100:0 to 95:5) to provide diyne (S)-(-)-21 (79 mg, 89 %) as an 
oil. 
1H NMR: 0.30 (9 H, s), 1.60 (3 H, d, J = 6.6), 2.34 (3 H, s), 3.95 (3 H, s), 4.56 (1 H, q, 
J = 6.6), 5.02 (1 H, d, J = 12.7), 5.13 (1 H, d, J = 12.7), 7.10 (2 H, m), 7.15 (1 H, dd, J 
= 8.9, 2.6), 7.33 (2 H, m), 7.52 (1 H, d, J = 8.4), 7.68 (1 H, d, J = 2.6), 7.71 (1 H, d, J 
= 8.9), 7.75 (1 H, bd, J = 8.4).  
13C NMR: 0.13 (q), 21.44 (q), 22.27 (q), 55.14 (q), 65.76 (d), 69.29 (t), 85.27 (s), 
88.47 (s), 100.99 (s), 104.59 (d), 104.88 (s), 117.53 (s), 118.87 (d), 119.78 (s), 
123.08 (d), 127.92 (s), 128.44 (d), 128.95 (d), 129.62 (d), 131.67 (d), 134.99 (s), 
138.31 (s), 139.92 (s), 158.67 (s).  
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IR: 3062 w, 3031 w, 2225 w, 2145 m, 1624 s, 1597 w, 1572 w, 1511 s, 1462 s, 1446 
m, 1423 m, 1409 w, 1373 m, 1328 m, 1271 s, 1251 s, 1176 m, 1129 m (sh), 1106 s 
(sh), 1096 s, 1031 s, 1020 m (sh), 873 m (sh), 853 vs, 844 vs, 819 s, 701 w, 648 w, 
527 w, 429 w.  
ESI MS: 383, 317, 311, 279, 233.  
HR EI MS: calculated for C28H30O2Si 426.2015; found 426.2021.  
Optical rotation: [ ]22D -135 (c 0.08, CH2Cl2). 
 
(-)-1-Ethynyl-7-methoxy-2-({[(1S)-1-methyl-3-(4-
methylphenyl)-2-propynyl]oxy}methyl)naphthalene 
22 
A Schlenk flask was charged with a solution of diyne (S)-(-)-21 (50 mg, 0.117 mmol) 
in THF (2 ml) under argon. A sodium methoxide solution (prepared by dissolving 
sodium (5 mg, 0.217 mmol, 1.86 equiv) in dry methanol (1 ml) under argon) was 
added. After stirring at room temperature for 2 h, solvents were removed in vacuo 
and the crude product was chromatographed on silica gel (petroleum ether-ether 
95:5) to provide diyne (S)-(-)-22 (36 mg, 87 %) as an oil.  
1H NMR: 1.59 (3 H, d, J = 6.6), 2.35 (3 H, s), 3.71 (1 H, s), 3.96 (3 H, s), 4.54 (1 H, q, 
J = 6.6), 5.06 (1 H, d, J = 12.5), 5.16 (1 H, d, J = 12.5), 7.11 (2 H, m), 7.16 (1 H, dd, J 
= 8.9, 2.6), 7.34 (2 H, m), 7.54 (1 H, d, J = 8.4), 7.68 (1 H, d, J = 2.6), 7.73 (1 H, d, J 
= 8.9), 7.78 (1 H, bd, J = 8.4).  
13C NMR: 21.45 (q), 22.26 (q), 55.34 (q), 65.60 (d), 69.13 (t), 79.57 (s), 85.37 (s), 
87.06 (d), 88.48 (s), 104.46 (d), 116.63 (s), 119.02 (d), 119.81 (s), 123.24 (d), 127.94 
(s), 128.74 (d), 128.99 (d), 129.67 (d), 131.64 (d), 135.06 (s), 138.35 (s), 140.44 (s), 
158.82 (s).  
IR: 3035 m, 3030 w, 2225 w, 2099 vw, 1625 s, 1604 m, 1573 w, 1511 s, 1462 s, 
1446 m, 1423 m, 1389 m, 1374 m, 1328 m, 1310 m (sh), 1270 s, 1179 m, 1105 s 
(sh), 1095 s, 1029 m, 1027 m (sh), 1020 m (sh), 872 w, 843 s, 819 m, 708 w, 656 w, 
611 w, 525 w, 444 vw.  
ESI MS: 355, 316, 288, 279, 213.  
HR EI MS: calculated for C25H22O2 354.1620; found 354.1621.  
Optical rotation: [ ]22D -200 (c 0.02, CH2Cl2). 
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(-)-Triisopropyl[4-(1-{[7-methoxy-2-({[(1S)-1-methyl-
3-(4-methylphenyl)-2-propynyl]oxy}methyl)-1-
naphthyl]ethynyl}-2-            
naphthyl)-1-butynyl]silane 24 
A Schlenk flask was charged with iodide 23 (49 mg, 
0.106 mmol, 1.10 equiv), Pd(PPh3)4 (7 mg, 6.06 µmol, 6 mol %) and CuI (4 mg, 21.0 
µmol, 22 %) and put under argon. Diisopropylamine (1 ml) was added and the 
resulting solution was stirred at room temperature for 5 min. A solution of diyne  
(S)-(-)-22 (34 mg, 95.9 µmol) in diisopropylamine (2.5 ml) was added and the 
reaction was stirred at room temperature for 1.5 h. Solvent was removed in vacuo 
and the crude product was chromatographed on silica gel (petroleum ether-ether 
100:0 to 95:5) to provide triyne (S)-(-)-24 (42 mg, 64 %) as an oil.  
1H NMR: 0.92-0.98 (21 H, m), 1.61 (3 H, d, J = 6.6), 2.28 (3 H, s), 2.78 (2 H, t, J = 
7.3), 3.37 (1 H, dd, J = 13.2, 7.3), 3.42 (1 H, dd, J = 13.2, 7.3), 3.99 (3 H, s), 4.59 (1 
H, q, J = 6.6), 5.23 (1 H, d, J = 12.6), 5.35 (1 H, d, J = 12.6), 6.93 (2 H, m), 7.17 (2 H, 
m), 7.20 (1 H, dd, J = 8.9, 2.6), 7.47 (1 H, ddd, J = 8.1, 6.8, 1.3), 7.51 (1 H, d, J = 
8.4), 7.51 (1 H, ddd, J = 8.4, 6.8, 1.2), 7.63 (1 H, d, J = 8.4), 7.78 (1 H, d, J = 8.9), 
7.78 (1 H, bd, J = 8.4), 7.82 (1 H, bd, J = 8.4), 7.85 (1 H, ddt, J = 8.1, 1.2, 0.7, 0.7), 
7.95 (1 H, d, J = 2.6), 8.68 (1 H, ddt, J = 8.4, 1.3, 0.8, 0.8).  
13C NMR: 11.27 (d), 18.54 (q), 21.30 (q), 21.41 (t), 22.38 (q), 34.71 (t), 55.42 (q), 
65.59 (d), 69.49 (t), 81.58 (s), 85.58 (s), 88.38 (s), 94.74 (s), 95.90 (s), 104.44 (d), 
107.78 (s), 118.02 (s), 119.25 (d), 119.57 (s), 119.64 (s), 123.35 (d), 125.79 (d), 
126.24 (d), 126.78 (d), 127.70 (d), 128.17 (d), 128.17 (s), 128.29 (d), 128.44 (d), 
128.82 (d), 129.81 (d), 131.55 (d), 132.13 (s), 133.72 (s), 134.95 (s), 138.14 (s), 
139.47 (s), 141.55 (s), 158.88 (s).  
IR: 3059 w, 3033 w, 2865 s, 2225 w, 2170 w, 1624 s, 1595 w, 1572 w, 1510 s, 1462 
s, 1445 m (sh), 1425 m, 1382 m, 1375 m (sh), 1368 w (sh), 1329 m, 1311 m, 1292 m 
(sh), 1279 m (sh), 1262 s, 1176 m, 1128 m (sh), 1095 s, 1039 s (sh), 1027 s, 1021 s, 
997 m (sh), 884 m, 867 w, 842 s, 818 s, 702 w, 526 w, 435 w.  
ESI MS: 663, 607, 551, 495, 413, 391, 371, 317, 288, 279, 242.  
HR EI MS: calculated for C48H52O2Si 688.3737; found 688.3707.  
Optical rotation: [ ]22D -103 (c 0.07, CH2Cl2). 
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(-)-1-{[2-(3-Butynyl)-1-naphthyl]ethynyl}-7-
methoxy-2-({[(1S)-1-methyl-3-(4-methylphenyl)-2-
propynyl]oxy}methyl)naphthalene 25 
A Schlenk flask was charged with a solution of triyne 
(S)-(-)-24 (40 mg, 58.1 µmol) in THF (4 ml) under 
argon. A tetrabutylammonium fluoride solution (0.964 M in THF, 75 µl, 72.3 µmol, 
1.25 equiv) was added and the reaction mixture was stirred at room temperature for 
15 min. Solvent was removed in vacuo and the crude product was chromatographed 
on silica gel (petroleum ether-ether 100:0 to 95:5) to provide triyne (S)-(-)-25 (27 mg, 
87 %) as an amorphous solid.  
1H NMR: 1.62 (3 H, d, J = 6.6), 1.97 (1 H, t, J = 2.6), 2.28 (3 H, s), 2.70 (2 H, dt, J = 
7.5, 7.5, 2.6), 3.37 (1 H, dd, J = 14.8, 7.5), 3.43 (1 H, dd, J = 14.8, 7.5), 4.00 (3 H, s), 
4.61 (1 H, q, J = 6.6), 5.25 (1 H, d, J = 12.6), 5.36 (1 H, d, J = 12.6), 6.93 (2 H, m), 
7.16 (2 H, m), 7.21 (1 H, dd, J = 8.9, 2.5), 7.46 (1 H, d, J = 8.4), 7.49 (1 H, ddd, J = 
8.1, 6.8, 1.4), 7.53 (1 H, ddd, J = 8.4, 6.8, 1.4), 7.64 (1 H, d, J = 8.3), 7.79 (1 H, d, J = 
8.9), 7.81 (1 H, bd, J = 8.4), 7.83 (1 H, bd, J = 8.3), 7.86 (1 H, ddt, J = 8.1, 1.4, 0.7, 
0.7), 7.95 (1 H, d, J = 2.5), 8.69 (1 H, ddt, J = 8.4, 1.4, 0.8, 0.8).  
13C NMR: 19.84 (t), 21.40 (q), 22.38 (q), 34.48 (t), 55.48 (q), 65.64 (d), 69.39 (d), 
69.49 (t), 83.62 (s), 85.60 (s), 88.39 (s), 94.81 (s), 95.73 (s), 104.48 (d), 117.84 (s), 
119.24 (d), 119.54 (s), 119.73 (s), 123.32 (d), 125.93 (d), 126.26 (d), 126.91 (d), 
127.31 (d), 128.16 (s), 128.23 (d), 128.48 (d), 128.53 (d), 128.81 (d), 129.85 (d), 
131.54 (d), 132.12 (s), 133.72 (s), 134.92 (s), 138.15 (s), 139.61 (s), 141.13 (s), 
158.90 (s).  
IR: 3308 m, 3059 w, 3034 w, 2225 vw, 2200 vw, 2119 vw, 1623 s, 1595 w, 1573 w, 
1510 s, 1462 m, 1446 m, 1424 w, 1381 m, 1375 m, 1329 m, 1310 w, 1278 m (sh), 
1268 m, 1176 m, 1126 m (sh), 1106 m (sh), 1095 s, 1041 m, 1029 m, 1021 m, 868 w, 
843 m, 819 m, 702 vw, 640 w, 525 w, 435 vw.  
ESI MS: 461, 415, 372, 316, 288, 242, 186.  
HR EI MS: calculated for C39H32O2 532.2402; found 532.2383.  
Optical rotation: [ ]22D -69 (c 0.50, CH2Cl2). 
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(1S)-8-Methoxy-1-methyl-19-(4-methylphenyl)-1,3,16,17-
tetrahydrobenzo[5,6]phenanthro[3,4-c]naphtho[1,2-e]oxepine 26 
A three-necked flask with an inner thermometer was charged with 
triyne (S)-(-)-25 (25 mg, 0.047 mmol) and triphenylphosphine (25 mg, 0.094 mmol, 
2.0 equiv). The reaction vessel was flushed with argon, decane (3 ml) was added and 
the solids were dissolved at 80 oC under stirring. CpCo(CO)2 (6 μl, 0.047 mmol, 1.0 
equiv) in decane (1 ml) was added and the reaction mixture was stirred at 140 oC for 
3 h under simultaneous irradiation with a halogen lamp. The solvent was removed in 
vacuo and the residue was chromatographed on silica gel (hexanes-ether 100:0 to 
95:5) to afford the mixture of (M,S)-(-)- and (P,S)-(+)-26 (18 mg, 72 %) as an 
amorphous solid. The diastereomeric ratio was 73:27 in favour of (P,S) stereomer 
(according to the 1H NMR spectrum).  
 1H NMR: 0.59 (3 H, d, J = 7.1), 2.46 (3 H, s), 2.82-2.89 (2 H, m), 2.97-3.03 (2 H, m), 
3.58 (3 H, s), 4.84 (1 H, d, J = 11.5), 5.12 (1 H, d, J = 11.5), 5.38 (1 H, q, J = 7.1), 
6.22 (1 H, d, J = 2.6), 6.55 (1 H, ddd, J = 8.5, 6.8, 1.3), 6.64 (1 H, dd, J = 8.9, 2.6), 
6.87 (1 H, ddd, J = 8.0, 6.8, 1.2), 6.99 (1 H, ddt, J = 8.5, 1.2, 0.8, 0.8), 7.22 (1 H, d, J 
= 8.9), 7.23 (1 H, ddt, J = 8.0, 1.3, 0.7, 0.7), 7.29 (1 H, d, J = 8.2), 7.31 (2 H, m), 7.32 
(1 H, d, J = 8.1), 7.36 (1 H, bd, J = 8.1), 7.36 (1 H, bd, J = 8.2), 7.50 (1 H, d, J = 1.0), 
7.54 (2 H, m). 
13C NMR: 21.25 (q), 22.39 (q), 30.87 (t), 31.01 (t), 54.60 (q), 68.51 (t), 72.44 (t), 
103.46 (d), 117.64 (d), 123.61 (d), 123.68 (d), 124.63 (d), 124.85 (d), 125.61 (d), 
126.14 (d), 127.62 (d), 128.51 (s), 128.71 (d), 128.78 (d), 129.04 (d), 129.04 (d), 
129.16 (s), 129.26 (d), 131.19 (s), 131.86 (s), 132.25 (s), 133.74 (s), 135.00 (s), 
135.38 (s), 136.71 (s), 136.80 (s), 137.00 (s), 137.93 (s), 138.67 (s), 140.44 (s), 
141.89 (s), 156.82 (s). 
IR: 3052 m, 2834 w (sh), 1625 s, 1600 w, 1582 vw, 1570 w, 1515 s, 1463 vs, 1448 
m, 1440 m, 1425 m, 1412 w, 1378 m, 1368 m, 1267 m, 1255 m, 1139 m, 1120 w, 
1076 s, 1057 w, 1034 m, 1023 w, 887 w, 862 w (sh), 842 s, 823 s. 
EI MS: 532 (M +., 100), 489 (22), 316 (7), 279 (10), 167 (24), 149 (75), 57 (44). 
HR EI MS: calculated for C39H32O2 532.2402; found 532.2385. 
Optical rotation: [ ]22D +136° (c 0.08, CH2Cl2) for (P,1S)-(-)-26:(M,1S)-26=73:27. 
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(-)-Triisopropyl[4-(7-methoxy-1-{[2-({[(1S)-1-methyl-
3-(4-methylphenyl)-2-propynyl]oxy}methyl)-1-
naphthyl]ethynyl}-2-naphthyl)-1-butynyl]silane 29 
A Schlenk flask was charged with iodide (S)-(-)-27 (95 
mg, 0.223 mmol), Pd(PPh3)4 (14 mg, 12.1 µmol, 5 mol 
%) and CuI (4 mg, 21.0 µmol, 9 mol %) and put under argon. Diisopropylamine (3 ml) 
was added and the resulting solution was stirred at room temperature for 5 min. A 
solution of diyne 28 (95 mg, 0.243 mmol, 1.09 equiv) in diisopropylamine (4 ml) was 
added and the reaction was stirred at room temperature for 2 h. Solvent was 
removed in vacuo and the crude product was chromatographed on silica gel 
(petroleum ether-ether 100:0 to 95:5) to provide triyne (S)-(-)-29 (67 mg, 44 %) as an 
oil.  
1H NMR: 0.94-1.01 (21 H, m), 1.59 (3 H, d, J = 6.6), 2.26 (3 H, s), 2.78 (2 H, t, J = 
7.2), 3.37 (2 H, dt, J = 7.2, 7.2, 2.3), 3.97 (3 H, s), 4.57 (1 H, q, J = 6.6), 5.30 (1 H, d, 
J = 12.7), 5.37 (1 H, d, J = 12.7), 6.88 (2 H, m), 7.12 (2 H, m), 7.14 (1 H, dd, J = 8.8, 
2.6), 7.36 (1 H, d, J = 8.3), 7.53 (1 H, ddd, J = 8.1, 6.8, 1.2), 7.59 (1 H, ddd, J = 8.4, 
6.8, 1.4), 7.70 (1 H, bd, J = 8.3), 7.73 (1 H, d, J = 8.8), 7.78 (1 H, d, J = 8.5), 7.89 (1 
H, bd, J = 8.5), 7.89 (1 H, ddt, J = 8.1, 1.4, 0.7, 0.7), 7.93 (1 H, d, J = 2.6) , 8.68 (1 H, 
ddt, J = 8.4, 1.2, 0.9, 0.9).  
13C NMR: 11.29 (d), 18.57 (q), 21.36 (t), 21.38 (q), 22.37 (q), 34.94 (t), 55.46 (q), 
65.55 (d), 69.23 (t), 81.32 (s), 85.71 (s), 88.27 (s), 94.20 (s), 96.46 (s), 104.53 (d) , 
107.97 (s), 118.23 (s), 118.71 (d), 119.36 (s), 119.42 (s), 125.41 (d), 125.60 (d), 
126.22 (d), 126.24 (d), 126.93 (d), 127.53 (s), 128.18 (d), 128.35 (d), 128.57 (d), 
128.77 (d), 129.63 (d), 131.47 (d), 132.73 (s), 133.42 (s), 135.21 (s), 138.13 (s), 
138.81 (s), 142.28 (s), 158.79 (s).  
IR: 3060 w, 2865 vs, 2226 w, 2170 m, 1623 s, 1596 w, 1570 w, 1510 s, 1462 s, 1423 
m, 1382 m, 1368 w (sh), 1328 m, 1316 m, 1262 s, 1177 m, 1095 s, 1035 s, 1022 s, 
997 m, 884 m, 867 w (sh), 839 s, 819 s, 702 w, 524 w, 435 vw.  
EI MS: 688 (M +., 1), 544 (4), 530 (5), 501 (7), 427 (1), 339 (3), 296 (11), 255 (12), 
227 (26), 200 (6), 178 (42), 149 (62), 97 (37), 69 (74), 57 (97), 43 (100).  
HR EI MS: calculated for C48H52O2Si 688.3737; found 688.3703.  
Optical rotation: [ ]22D -97 (c 0.06, CH2Cl2). 
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(-)-2-(3-Butynyl)-7-methoxy-1-{[2-({[(1S)-1-methyl-3-
(4-methylphenyl)-2-propynyl]oxy}methyl)-1-
naphthyl]ethynyl}naphthalene 30 
A Schlenk flask was charged with a solution of triyne 
(S)-(-)-29 (64 mg, 92.9 µmol) in THF (4 ml) under argon. 
A tetrabutylammonium fluoride solution (0.96 M in THF, 116 µl, 0.112 mmol, 1.20 
equiv) was added and the reaction mixture was stirred at room temperature for 15 
min. Solvent was removed in vacuo and the crude product was chromatographed on 
silica gel (petroleum ether-ether 100:0 to 95:5) to provide triyne (S)-(-)-30 (49 mg, 99 
%) as an amorphous solid.  
1H NMR: 1.60 (3 H, d, J = 6.6), 2.00 (1 H, t, J = 2.6), 2.26 (3 H, s), 2.70 (2 H, dt, J = 
7.6, 7.6, 2.6), 3.39 (2 H, t, J = 7.6), 3.98 (3 H, s), 4.58 (1 H, q, J = 6.6), 5.34 (1 H, d, J 
= 12.8), 5.38 (1 H, d, J = 12.8), 6.88 (2 H, m), 7.12 (2 H, m), 7.15 (1 H, dd, J = 8.8, 
2.6), 7.31 (1 H, d, J = 8.4), 7.54 (1 H, ddd, J = 8.1, 6.8, 1.2), 7.60 (1 H, ddd, J = 8.3, 
6.8, 1.4), 7.74 (1 H, d, J = 8.4), 7.74 (1 H, d, J = 8.8), 7.79 (1 H, d, J = 8.5), 7.90 (1 H, 
bd, J = 8.5), 7.90 (1 H, ddt, J = 8.1, 1.4, 0.7, 0.7), 7.93 (1 H, d, J = 2.6), 8.68 (1 H, dq, 
J = 8.3, 1.0, 1.0, 1.0).  
13C NMR: 20.00 (t), 21.38 (q), 22.38 (q), 34.78 (t), 55.48 (q), 65.55 (d), 69.19 (d), 
69.24 (t), 83.78 (s), 85.74 (s), 88.30 (s), 94.30 (s), 96.29 (s), 104.55 (d), 118.35 (s), 
118.87 (d), 119.23 (s), 119.41 (s), 124.97 (d), 125.57 (d), 126.25 (d), 126.29 (d), 
126.96 (d), 127.53 (s), 128.38 (d), 128.38 (d), 128.65 (d), 128.77 (d), 129.68 (d), 
131.47 (d), 132.47 (s), 133.42 (s), 135.23 (s), 138.15 (s), 138.93 (s), 141.89 (s), 
158.91 (s).  
IR: 3308 m, 3061 w, 3032 w, 2225 w, 2118 w, 1623 vs, 1596 w, 1568 w, 1510 vs, 
1462 s, 1445 m (sh), 1423 m, 1381 m, 1328 m, 1262 vs, 1177 m, 1129 m (sh), 1095 
vs, 1028 s, 868 m, 841 s, 819 vs, 697 w, 640 m, 435 w.  
ESI MS: 413, 373, 316, 288, 242, 186.  
HR EI MS: calculated for C39H32O2 532.2402; found 532.2395.  
Optical rotation: [ ]22D -128 (c 0.05, CH2Cl2). 
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(1S)-11-methoxy-1-methyl-19-(4-methylphenyl)-1,3,16,17-
tetrahydrobenzo[5,6]phenanthro[3,4-c]naphtho[1,2-e]oxepine 
31 
A three-necked flask with an inner thermometer was charged with triyne (S)-(-)-30 
(49 mg, 0.092 mmol) and triphenylphosphine (48 mg, 0.184 mmol, 2.0 equiv). The 
reaction vessel was flushed with argon, decane (3 ml) was added and the solids were 
dissolved at 80 oC under stirring. CpCo(CO)2 (12 μl, 0.092 mmol, 1.0 equiv) in 
decane (1.5 ml) was added and the reaction mixture was stirred at 140 oC for 3 h 
under simultaneous irradiation with a halogen lamp. The solvent was removed in 
vacuo and the residue was chromatographed on silica gel (hexanes-ether 100:0 to 
95:5) to afford the mixture of (M,S)-(-)- and (P,S)-(+)-31 (29 mg, 58 %) as an 
amorphous solid. The diastereomeric ratio was 83:17 in favour of (P,S) stereomer 
(according to the 1H NMR spectrum).  
1H NMR: 0.56 (3 H, d, J = 7.1), 2.45 (3 H, s), 2.83 (1 H, dddd, J = 14.6, 14.6, 4.2, 
1.0), 2.93-3.00 (1 H, m), 2.93-3.00 (1 H, m), 3.03 (1 H, bdt, J = 14.6, 14.6, 4.3), 3.57 
(3 H, s), 4.81 (1 H, d, J = 11.4), 5.20 (1 H, d, J = 11.4), 5.38 (1 H, q, J = 7.1), 6.32 (1 
H, d, J = 2.6), 6.55 (1 H, dd, J = 8.9, 2.6), 6.71 (1 H, ddd, J = 8.5, 6.7, 1.3), 6.91 (1 H, 
dq, J = 8.5, 1.0, 1.0, 1.0), 6.97 (1 H, ddd, J = 8.1, 6.7, 1.2), 7.11 (1 H, d, J = 8.9), 7.13 
(1 H, d, J = 8.0), 7.19 (1 H, bd, J = 8.0), 7.31 (2 H, m), 7.32 (1 H, ddt, J = 8.1, 1.3, 
0.8, 0.8), 7.41 (1 H, d, J = 8.2), 7.46 (1 H, bd, J = 8.2), 7.46 (2 H, m), 7.51 (1 H, d, J = 
1.0). 
13C NMR: 21.25 (q), 22.48 (q), 30.83 (t), 31.00 (t), 54.62 (q), 68.82 (t), 72.60 (d), 
104.25 (d), 116.04 (d), 123.45 (d), 124.66 (d), 124.71 (d), 125.31 (d), 126.75 (d), 
126.89 (d), 127.15 (d), 127.50 (s), 127.98 (s), 128.48 (d), 129.08 (d), 129.08 (d), 
129.20 (d), 129.58 (s), 130.81 (s), 131.02 (s), 132.84 (s), 133.71 (s), 134.45 (s), 
134.78 (s), 136.38 (s), 136.81 (s), 138.36 (s), 138.59 (s), 139.33 (s), 140.76 (s), 
141.59 (s), 155.86 (s). 
IR: 3052 w, 2839 w (sh), 1623 s, 1599 w, 1565 w, 1560 w (sh), 1514 s, 1462 s, 1439 
m, 1430 w (sh), 1413 m, 1380 m, 1370 m, 1257 s, 1137 m, 1113 m, 1084 s, 1075 s, 
1053 m, 1038 m, 1023 m, 888 w, 864 w, 836 s, 824 vs. 
EI MS: 532 (M +., 100), 517 (13), 503 (11), 489 (16), 251 (14).  
HR EI MS: calculated for C39H32O2 532.2402; found 532.2378. 
Optical rotation: [ ]22D +297° (c 0.10, CH2Cl2) for (P,1S)-(-)-31:(M,1S)-31=83:17. 
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(-)-1-Iodo-2-({[(1R)-1-phenyl-2-
propynyl]oxy}methyl)naphthalene 33 
A Schlenk flask was charged with a solution of alcohol (R)-(-)-32 (172 mg, 1.297 
mmol, 1.50 equiv) in THF (3 ml) under argon. The solution was cooled to -35 oC and 
DMSO (375 µl) and a butyllithium solution (1.6 M in hexanes, 811 μl, 1.297 mmol, 
1.50 equiv) were added. After stirring at 0 oC for 10 min, a solution of bromide 5 (300 
mg, 0.865 mmol) in THF (4 ml) was added and the reaction mixture was stirred at 40 
°C for 20 h. Solvent was removed in vacuo and the crude product was 
chromatographed on silica gel (petroleum ether-ether 100:0 to 95:5) to provide  
(R)-(-)-33 (235 mg, 68 %) as an oil.  
1H NMR: 2.73 (1 H, d, J = 2.2), 4.95 (1 H, d, J = 12.6), 5.02 (1 H, d, J = 12.6), 5.35 (1 
H, d, J = 2.2), 5.43 (1 H, s), 7.29-7.43 (5 H, m), 7.50 (1 H, ddd, J = 8.1, 6.8, 1.3), 7.57 
(1 H, ddd, J = 8.6, 6.8, 1.5), 7.63 (1 H, d, J = 8.4), 7.77 (1 H, bdd, J = 8.1, 1.5), 7.81 
(1 H, bd, J = 8.4), 8.25 (1 H, bd, J = 8.6).  
13C NMR: 71.12 (d), 75.73 (t), 81.35 (s), 103.70 (s), 126.46 (d), 126.59 (d), 127.50 
(d), 127.76 (d), 128.31 (d), 128.59 (d), 128.64 (d), 128.80 (d), 132.39 (d), 133.75 (s), 
134.72 (s), 137.92 (s), 139.41 (s).  
IR: 3306 s, 3088 w, 3064 m, 3036 w, 3010 s, 2118 vw, 1622 w, 1597 w, 1584 vw, 
1552 m, 1501 s, 1494 m, 1448 m, 1320 s, 1258 s, 1178 w, 1089 vs, 1060 s (sh), 
1031 s, 1003 m, 863 m, 817 vs, 699 vs, 646 m, 523 m.  
EI MS: 398 (M +., 3), 284 (5), 267 (30), 253 (4), 241 (3), 215 (3), 165 (13), 155 (7), 
141 (100), 115 (69), 105 (49), 97 (13), 77 (34), 69 (21), 57 (44), 43 (29).  
HR EI MS: calculated for C20H15IO 398.0167; found 398.0155.  
Optical rotation: [ ]22D -15 (c 0.22, CH2Cl2). 
 
(-)-{(3S)-3-[(1-Iodo-2-naphthyl)methoxy]-3-phenyl-1-
propynyl}(triisopropyl)silane 34 
A Schlenk flask was charged with a solution of iodide (R)-(-)-33 (200 mg, 0.502 
mmol) in THF (5 ml) under argon. The solution was cooled to -78 oC and a lithium 
diisopropylamide solution (2 M in tetrahydrofurane, 326 μl, 0.653 mmol, 1.30 equiv) 
was added. After stirring at -78 oC for 1 h, chlorotriisopropylsilane (215 μl, 1.004 
mmol, 2.0 equiv) was added and the reaction mixture was allowed to warm from -78 
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oC to room temperature while stirring over 4 h. Solvent was removed in vacuo and 
the crude product was chromatographed on silica gel (petroleum ether-ether 100:0 to 
95:5) to provide (S)-(-)-34 (203 mg, 73 %) as an oil.  
1H NMR: 1.04-1.17 (21 H, m), 5.01 (1 H, d, J = 12.8), 5.05 (1 H, d, J = 12.8), 5.43 (1 
H, s), 7.31-7.42 (5 H, m), 7.50 (1 H, ddd, J = 8.1, 6.8, 1.2), 7.57 (1 H, ddd, J = 8.4, 
6.8, 1.5), 7.64 (1 H, d, J = 8.4), 7.77 (1 H, ddt, J = 8.1, 1.5, 0.8, 0.8), 7.80 (1 H, bd, J 
= 8.4), 8.25 (1 H, ddt, J = 8.4, 1.2, 0.8, 0.8).  
13C NMR: 11.26 (d), 18.70 (q), 71.79 (d), 75.42 (t), 89.97 (s), 103.48 (s), 104.35 (s), 
126.47 (d), 126.48 (d), 127.68 (d), 127.71 (d), 128.27 (d), 128.38 (d), 128.41 (d), 
128.70 (d), 132.33 (d), 133.72 (s), 134.71 (s), 138.33 (s), 139.81 (s).  
IR: 3089 w, 3065 w, 3036 w, 3010 m, 2867 vs, 2170 w, 1602 w, 1552 w, 1501 w, 
1495 w, 1464 s, 1455 m (sh), 1384 m, 1369 m, 1334 s, 1258 m, 1137 w, 1085 m 
(sh), 1071 m, 1026 m, 999 m, 884 s, 863 w, 817 m, 699 s, 681 m, 664 m, 628 w (sh), 
523 w.  
EI MS: 554 (M +., 3), 511 (6), 481 (1), 439 (1), 427 (10), 384 (6), 341 (26), 331 (14), 
287 (19), 267 (30), 258 (100), 254 (55), 227 (10), 199 (15), 159 (13), 141 (80), 128 
(16), 115 (23), 83 (6), 73 (15), 59 (30), 43 (19).  
HR EI MS: calculated for C29H35IOSi 554.1501; found 554.1474.  
Optical rotation: [ ]22D -41 (c 0.21, CH2Cl2). 
 
(-)-Triisopropyl((3S)-3-{[1-({7-methoxy-2-[4-
(triisopropylsilyl)-3-butynyl]-1-naphthyl}ethynyl)-2-
naphthyl]methoxy}-3-phenyl-1-propynyl)silane 35 
A Schlenk flask was charged with Pd(PPh3)4 (11 mg, 9.52 
µmol, 6 mol %) and CuI (3 mg, 15.8 µmol, 10 mol %) and put under argon. A solution 
of iodide (S)-(-)-34 (91 mg, 0.164 mmol) in diisopropylamine (1.5 ml) was added and 
the resulting mixture was stirred at room temperature for 10 min. A solution of diyne 
28 (70 mg, 0.179 mmol, 1.09 equiv) in diisopropylamine (1.5 ml) was added and the 
reaction was stirred at room temperature for 3 h. Solvent was removed in vacuo and 
the crude product was chromatographed on silica gel (petroleum ether-ether 100:0 to 
95:5) to provide triyne (S)-(-)-35 (114 mg, 85 %) as an amorphous solid.  
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1H NMR: 0.95-1.02 (21 H, m), 0.95-1.02 (21 H, m), 2.72 (2 H, t, J = 7.2), 3.33 (2 H, t, 
J = 7.2), 3.89 (3 H, s), 5.32 (1 H, d, J = 12.7), 5.35 (1 H, d, J = 12.7), 5.40 (1 H, s), 
7.16 (1 H, dd, J = 8.8, 2.6), 7.22-7.31 (3 H, m), 7.41 (1 H, d, J = 8.3), 7.54 (1 H, ddd, 
J = 8.1, 6.8, 1.3), 7.59 (2 H, m), 7.60 (1 H, ddd, J = 8.4, 6.8, 1.3), 7.72 (1 H, bd, J = 
8.3), 7.76 (1 H, d, J = 8.8), 7.78 (1 H, d, J = 8.5), 7.87 (1 H, d, J = 2.6), 7.89 (1 H, bd, 
J = 8.5), 7.89 (1 H, bdd, J = 8.1, 1.3, 0.7, 0.7), 8.66 (1 H, dq, J = 8.4, 0.9, 0.9, 0.9). 
13C NMR: 11.13 (d), 11.27 (d), 18.48 (q), 18.57 (q), 21.35 (t), 34.98 (t), 55.37 (q), 
68.63 (t), 71.50 (d), 81.32 (s), 89.72 (s), 94.08 (s), 96.47 (s), 104.56 (s), 107.96 (s), 
108.44 (d), 118.18 (s), 118.72 (d), 119.47 (s), 125.42 (d), 125.74 (d), 125.74 (d), 
126.17 (d), 126.28 (d), 126.97 (d), 127.49 (s), 127.57 (d), 128.23 (d), 128.25 (d), 
128.32 (d), 128.51 (d), 129.66 (d), 132.72 (s), 133.41 (s), 135.22 (s), 138.42 (s), 
138.54 (s), 142.25 (s), 158.75 (s).  
IR: 3063 w, 2866 vs, 2170 m, 1623 s, 1596 w, 1568 w, 1511 w, 1494 w, 1462 s, 1454 
m (sh), 1423 w, 1383 m, 1367 w, 1316 w, 1265 m, 1093 m, 1071 m, 1036 s, 1025 m, 
997 m, 884 s, 866 w (sh), 839 m, 821 m, 699 m, 679 s, 659 s, 634 w.  
APCI MS: 817(M + H+), 546.  
HR APCI MS: calculated for C55H69O2Si2 817.4836; found 817.4828.  
Optical rotation: [ ]22D -23 (c 0.06, CH2Cl2). 
 
2-But-3-yn-1-yl-7-methoxy-1-[(2-methylnaphthalen-1-
yl)ethynyl]naphthalene 36 
A Schlenk flask was charged with triyne (S)-(-)-35 (145 mg, 
0.177 mmol) and flushed with argon. THF (3 ml) and n-Bu4NF 
(0.964 M in THF, 645 µl, 0.621 mmol, 3.5 equiv) were added and the mixture was 
stirred at room temperature for 10 min. The solvent was removed in vacuo and the 
residue was chromatographed on silica gel (petroleum ether-ether 100:0 to 95:5) to 
afford 36 (20 mg, 22 %) as an amorphous solid. 
1H NMR: 2.06 (1 H, t, J = 2.6), 2.87 (3 H, s), 2.73 (2 H, dt, J = 7.9, 7.9, 2.6), 3.44 (2 
H, t, J = 7.9), 3.99 (3 H, s), 7.18 (1 H, dd, J = 8.9, 2.6), 7.34 (1 H, d, J = 8.4), 7.43 (1 
H, d, J = 8.4), 7.49 (1 H, ddd, J = 8.1, 6.7, 1.2), 7.59 (1 H, ddd, J = 8.4, 6.7, 1.3), 7.74 
(1 H, bd, J = 8.4), 7.75 (1 H, d, J = 8.9), 7.78 (1 H, bd, J = 8.4), 7.86 (1 H, ddt, J = 
8.1, 1.3, 0.7, 0.7), 7.97 (1 H, d, J = 2.6), 8.65 (1 H, dq, J = 8.4, 1.0, 1.0, 1.0). 
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13C NMR: 20.09 (t), 22.09 (q), 35.04 (t), 55.46 (q), 69.07 (d), 83.85 (s), 95.57 (s), 
95.88 (s), 104.49 (d), 118.66 (s), 118.94 (d), 119.88 (s), 125.07 (d), 125.60 (d), 
125.90 (d), 126.93 (d), 127.59 (s), 128.28 (d), 128.34 (2 x d), 129.84 (d), 131.75 (s), 
133.61 (s), 135.17 (s), 138.98 (s), 141.68 (s), 158.89 (s).  
IR: 3308 m, 3054 w, 2830 vw (sh), 2118 vw, 1623 m, 1594 w, 1571 w, 1511 w, 1462 
w, 1423 w, 1378 w, 1318 w, 1266 w, 1255 w, 1139 w, 1045 w, 1030 w, 866 w, 841 
m, 815 w, 640 m . 
EI MS: 374 (M+., 13), 289 (7), 276 (6), 91 (9), 41 (10), 32 (24). 
HR EI MS: calculated for C28H22O 374.1671; found 374.1658. 
 
(-)-2-(3-Butynyl)-7-methoxy-1-{[2-({[(1R)-1-phenyl-2-
propynyl]oxy}methyl)-1-naphthyl]ethynyl}naphthalene 37 
A Schlenk flask was charged with a solution of triyne (S)-(-)-35 
(45 mg, 55.1 µmol) in a mixture of THF (5 ml) and methanol 
(50 µl) under argon. A tetrabutylammonium fluoride solution (0.964 M in THF, 504 µl, 
0.486 mmol, 8.82 equiv) was added and the reaction mixture was stirred at room 
temperature for 24 h. Solvent was removed in vacuo and the crude product was 
chromatographed on silica gel (petroleum ether-ether 100:0 to 95:5) to provide triyne 
(R)-(-)-37 (25 mg, 90 %) as an amorphous solid.  
1H NMR: 2.01 (1 H, t, J = 2.6), 2.62 (1 H, d, J = 2.2), 2.69 (2 H, dt, J = 7.6, 7.6, 2.6), 
3.37 (2 H, t, J = 7.6), 3.94 (3 H, s), 5.33 (2 H, s), 5.36 (1 H, bd, J = 2.2), 7.18 (1 H, 
dd, J = 8.9, 2.6), 7.24-7.32 (3 H, m), 7.36 (1 H, d, J = 8.3), 7.54-7.56 (2 H, m), 7.55 (1 
H, ddd, J = 8.1, 6.8, 1.3), 7.61 (1 H, ddd, J = 8.4, 6.8, 1.3), 7.77 (1 H, d, J = 8.3), 7.78 
(1 H, d, J = 8.9), 7.78 (1 H, d, J = 8.5), 7.90 (1 H, d, J = 8.5), 7.90 (1 H, ddt, J = 8.1, 
1.3, 0.8, 0.8), 7.91 (1 H, d, J = 2.6), 8.69 (1 H, ddt, J = 8.4, 1.4, 0.9, 0.9).  
13C NMR: 19.99 (t), 34.73 (t), 55.47 (q), 68.93 (t), 69.29 (d), 70.82 (d), 76.19 (d), 
81.54 (s), 83.79 (s), 94.16 (s), 96.40 (s), 104.55 (d), 118.26 (s), 118.89 (d), 119.39 
(s), 125.01 (d), 125.57 (d), 125.57 (d), 126.22 (d), 126.41 (d), 127.03 (d), 127.39 (d), 
127.50 (s), 128.40 (d), 128.51 (d), 128.51 (d), 128.72 (d), 129.78 (d), 132.75 (s), 
133.36 (s), 135.19 (s), 138.01 (s), 138.25 (s), 141.88 (s), 158.88 (s).  
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IR: 3307 s, 3063 w, 2832 w (sh), 2193 vw, 2118 w, 1623 vs, 1596 w, 1570 w, 1511 
m, 1494 w, 1455 m (sh), 1430 w, 1423 m, 1318 w, 1262 vs, 1139 m, 1095 s, 1086 s, 
1040 s, 1029 s, 868 w, 841 s, 820 s, 699 s, 648 s, 640 m (sh).  
EI MS: 504 (M +.) (15), 389 (11), 289 (12), 278 (14), 221 (8), 191 (17), 171 (11), 149 
(13), 129 (17), 115 (40), 97 (39), 83 (48), 69 (86), 55 (96), 43 (100).  
HR EI MS: calculated for C37H28O2 504.2089; found 504.2073.  
Optical rotation: [ ]22D -17 (c 0.20, CH2Cl2). 
 
(1S)-11-Methoxy-1-phenyl-1,3,16,17-
tetrahydrobenzo[5,6]phenanthro[3,4-c]naphtho[1,2-e]oxepine 38 
A three-necked flask with an inner thermometer was charged with 
triyne (R)-(-)-37 (21 mg, 0.042 mmol) and triphenylphosphine (22 mg, 0.083 mmol, 
2.0 equiv). The reaction vessel was flushed with argon, decane (3 ml) was added and 
the solids were dissolved at 80 oC under stirring. CpCo(CO)2 (6 μl, 0.042 mmol, 1.0 
equiv) in decane (1 ml) was added and the reaction mixture was stirred at 140 oC for 
1 h under simultaneous irradiation with a halogen lamp. The solvent was removed in 
vacuo and the residue was chromatographed on silica gel (hexanes-ether 100:0 to 
90:10) to afford the mixture of (M,S)-(-)- and (P,S)-(+)-31 (20 mg, 95 %) as an 
amorphous solid. The diastereomeric ratio was 84:16 in favour of (M,S) stereomer 
(determined by chiral HPLC; Chiracel OD-H column).  
1H NMR: 2.78-3.03 (2 H, m), 2.78-3.03 (2 H, m), 3.56 (3 H, s), 5.04 (2 H, s), 5.29 (1 
H, s), 6.28 (1 H, d, J = 2.5), 6.55 (1 H, dd, J = 8.9, 2.5), 6.70 (1 H, ddd, J = 8.5, 6.8, 
1.5), 6.81 (1 H, d, J = 7.8), 6.84 (1 H, ddt, J = 8.5, 1.2, 0.7, 0.7), 7.00 (1 H, ddd, J = 
8.1, 6.8, 1.5), 7.11 (1 H, d, J = 8.9), 7.15 (1 H, d, J = 8.1), 7.23 (1 H, d, J = 8.1), 7.28-
7.45 (1 H, m), 7.28-7.45 (1 H, m), 7.28-7.45 (1 H, m), 7.33 (1 H, d, J = 7.8), 7.37 (1 
H, bdt, J = 8.1, 1.5, 0.8, 0.8), 7.47 (1 H, d, J = 8.2), 7.55 (1 H, bd, J = 8.2). 
13C NMR: 31.14 (t), 31.14 (t), 54.69 (q), 69.46 (t), 76.70 (d), 104.42 (d), 115.91 (d), 
123.48 (d), 124.64 (d), 124.88 (d), 125.44 (d), 127.01 (d), 127.13 (d), 127.34 (d), 
127.66 (s), 127.93 (d), 128.08 (d), 128.45 (d), 128.50 (d), 128.69 (d), 128.94 (s), 
130.86 (s), 130.97 (s), 132.14 (s), 133.00 (s), 133.65 (d), 133.80 (d), 134.02 (s), 
135.40 (s), 137.79 (s), 138.09 (s), 139.12 (s), 140.12 (s), 141.58 (s), 156.03 (s). 
IR: 3058 m, 3033 w, 3010 s, 2961 s, 2940 s, 2903 m (sh), 2858 m, 2838 w, 1623 s, 
1604 w (sh), 1599 w, 1585 w, 1577 w (sh), 1569 w, 1560 w, 1514 s, 1492 w, 1479 w, 
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1464 s, 1453 m, 1435 s, 1410 w, 1307 m, 1261 s, 1142 w, 1081 m, 1062 s, 1051 m, 
1028 s, 1016 m, 857 m, 836 s, 822 s, 723 s, 698 vs. 
EI MS: 504 (M +., 100), 277 (17), 262 (77), 183 (36), 149 (18), 108 (20), 57 (15). 
HR EI MS: calculated for C37H28O2 504.2089; found 504.2067. 
Optical rotation: [ ]22D –257° (c 0.34, CH2Cl2) for (M,1S)-(-)-38:(P,1S)-38=84:16. 
 
4-Bromo-2-iodo-1-methylbenzene 40 
A flask was charged with 5-bromo-2-methylaniline 39 (8.8 g, 0.05 mol) and 
conc. HCl (250 ml). The mixture was cooled to 0 oC and NaNO2 (3.9 g, 0.06 mol, 1.2 
equiv) in water (30 ml) was added. Then KI (23.6 g, 0.14 mol, 3 equiv) in water (50 
ml) was added dropwise at 0 °C. The mixture was flushed with nitrogen and stirred at 
80 oC for 5 h. The resulting mixture was cooled to 0 °C and neutralised by aqueous 
NaOH, then extracted with diethylether. The organic layer was washed with Na2S2O3 
(5 %, 3 x), water (1 x) and dried with Na2SO4. The solvent was removed in vacuo and 
the residue was chromatographed on silica gel (petroleum ether) to afford 40 (8.87 g, 
63 %) as an amorphous solid. 
1H NMR: 2.37 (3 H, d, J = 0.8), 7.09 (1 H, dq, J = 8.1, 0.8, O.8, 0.8), 7.36 (1 H, dd, J 
= 8.1, 2.1), 7.94 (1 H, d, J = 0.8).   
13C NMR: 27.49 (q), 101.33 (s), 119.46 (s), 130.65 (d), 131.16 (d), 140.38 (s), 140.66 
(d).  
IR: 3084 vw, 3053 vw, 2982 w, 2953 w, 2923 w, 1575 m, 1551 m, 1470 s, 1463 vs, 
1448 m, 1436 m, 1382 m, 1364 m, 1270 w, 1260 w, 1143 w, 1086 s, 1045 w (sh), 
1027 s, 994 w, 953 vw, 872 m, 810 s, 805 vs, 685 w, 617 m, 524 m, 430 m . 
EI MS: 298 (M+. with 81Br, 98), 296 (M+. with 79Br, 100), 217 (13), 169 (42), 127 (16), 
90 (83), 74 (8), 63 (56), 50 (14), 39 (27). 
HR EI MS: calculated for C7H6
79BrI 295.8698; found 295.8706. 
 
4-Bromo-1-(bromomethyl)-2-iodobenzene 41 
A flask was charged with iodide 40 (8.8 g, 0.03 mol), N-
bromosuccinimide (13.16 g, 0.074 mol, 2.52 equiv), AIBN (0.5 g, 3.05 mmol, 10 mol 
%) and K2CO3 (0.5 g, 3.62 mmol, 12 mol %). Tetrachloromethane (350 ml) was 
added and the resulting solution was stirred under reflux and hν for 16 h. The solvent 
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was removed in vacuo and the residue was chromatographed on silica gel 
(petroleum ether) to afford 41 (7.21 g, 65 %) as an amorphous solid. 
1H NMR: 4.54 (2 H, s), 7.33 (1 H, d, J = 8.2), 7.47 (1 H, dd, J = 8.2, 2.0), 8.01 (1 H, d, 
J = 2.0).   
13C NMR: 37.59 (t), 100.32 (s), 122.83 (s), 131.26 (d), 132.02 (d), 139.32 (s), 141.97 
(d).  
IR: 3085 vw, 3053 vw, 2976 w, 2858 vw, 1574 vs, 1552 m, 1470 s (sh), 1462 s, 1438 
m, 1369 m, 1283 vw, 1264 w, 1148 w, 1083 s, 1029 s, 952 vw, 873 m, 829 s, 816 s, 
720 w, 630 w, 605 s, 517 w, 433 w . 
EI MS: 376 (M+. with 81Br, 32), 374 (M+. with 79Br, 26), 295 (100), 168 (37), 89 (81), 
63 (70), 39 (41). 
HR EI MS: calculated for C7H5
79Br2I 373.7803; found 373.7809. 
 
4-Bromo-2-iodo-1-({[(1S)-1-methylprop-2-yn-1-
yl]oxy}methyl)benzene 42 
A Schlenk flask was charged with KH (20 % suspension in mineral oil, 4.62 g, 0.023 
mol, 1.21 equiv), flushed with argon and hydride was washed with hexane (3 x). THF 
(30 ml) was added and the mixture was cooled to 0 oC. The solution of alcohol  
(S)-(-)-3 (1.65 ml, 0.021 mol, 1.1 equiv) was added dropwise and the mixture was 
stirred at 0 oC for 1 hour. Benzylic bromide 41 (7.15 g, 0.019 mol) in THF (25 ml) was 
added and the mixture was stirred at 0 oC to room temperature for 1 hour and 30 
minutes. The reaction mixture was quenched with aqueous NH4Cl (saturated) and 
diluted with ether. Organic layer was separated and the aqueous layer was extracted 
with ether (4 x). The ethereal portions were combined, washed with water (1 x) and 
dried with Na2SO4. The solvent was removed in vacuo and the residue was 
chromatographed on silica gel (petroleum ether-ether 100:0 to 95:5) to afford (S)-(-)-
42 (5.40 g, 78 %) as an amorphous solid. 
1H NMR: 1.52 (3 H, d, J = 6.6), 2.49 (1 H, d, J = 2.0), 4.29 (1 H, dq, J = 6.6, 6.6, 6.6, 
2.0), 4.43 (1 H, d, J = 12.7), 4.70 (1 H, dd, J = 12.7, 0.8), 7.31 (1 H, dt, J = 8.2, 0.8, 
0.8), 7.47 (1 H, dd, J = 8.2, 2.0), 7.97 (1 H, d, J = 2.0).   
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13C NMR: 21.99 (q), 65.20 (d), 73.64 (d), 73.77 (t), 83.19 (s), 97.94 (s), 121.75 (s), 
129.94 (d), 131.27 (d), 139.38 (s), 140.97 (d).  
IR: 3307 s, 3087 vw, 3056 vw, 2992 m, 2938 w, 2871 w, 2112 vw, 1576 m, 1553 m, 
1464 s, 1454 m, 1445 w (sh), 1375 m, 1365 m, 1327 m, 1287 w, 1262 w, 1100 vs, 
1087 s, 1022 s, 952 w, 872 w, 842 w, 816 m, 639 m, 532 w, 430 w . 
EI MS: 366 (M+. with 81Br, 10), 364 (M+. with 79Br, 12), 334 (31), 311 (32), 295 (45), 
283 (7), 249 (8), 217 (9), 207 (7), 185 (12), 170 (18), 156 (43), 128 (37), 115 (14), 89 
(76), 75 (48), 63 (44), 53 (100), 39 (43). 
HR EI MS: calculated for C11H10
79BrIO 363.8960; found 363.8951. 
Optical rotation: [ ]22D -77 (c 0.16, CH2Cl2). 
 
{(3S)-3-[(4-Bromo-2-iodobenzyl)oxy]but-1-yn-1-yl}[tris(1-
methylethyl)]silane 43 
A Schlenk flask was charged with a solution of iodide (S)-(-)-42 (83 mg, 0.227 mmol) 
in THF (3 ml) under argon. The solution was cooled to -78 oC and a lithium 
diisopropylamide solution (2 M in tetrahydrofurane, 148 μl, 0.296 mmol, 1.30 equiv) 
was added. After stirring at -78 oC for 1 h, chlorotriisopropylsilane (97 μl, 0.455 mmol, 
2.0 equiv) was added and the reaction mixture was allowed to warm from -78 oC to 
room temperature while stirring over 4 h. Solvent was removed in vacuo and the 
crude product was chromatographed on silica gel (petroleum ether) to provide (S)-(-)-
43 (82 mg, 69 %) as an oil. 
1H NMR: 1.03-1.11 (21 H, m), 1.51 (3 H, d, J = 6.6), 4.32 (1 H, q, J = 6.6), 4.44 (1 H, 
bd, J = 13.0), 4.72 (1 H, dd, J = 13.0, 0.8), 7.31 (1 H, dt, J = 8.2, 0.8, 0.8), 7.46 (1 H, 
dd, J = 8.2, 2.0), 7.96 (1 H, d, J = 2.0).   
13C NMR: 11.13 (d), 18.62 (q), 22.27 (q), 65.83 (d), 73.60 (t), 86.51 (s), 97.80 (s), 
106.89 (s), 121.57 (s), 129.86 (d), 131.21 (d), 139.72 (s), 140.90 (d).  
IR: 3087 vw, 3064 vw, 2989 w, 2959 s, 2866 vs, 2165 w, 1576 m, 1552 w, 1464 s, 
1452 m (sh), 1383 w, 1373 m, 1365 w (sh), 1325 m, 1289 vw, 1261 w, 1143 w (sh), 
1097 s, 1078 m, 1023 s, 997 m, 931 vw, 883 m, 872 w (sh), 839 w (sh), 830 w (sh), 
816 m, 699 w, 679 s, 518 w, 431 w . 
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EI MS: 479 (M+. with 81Br, 6), 477 (M+. with 79Br, 5), 427 (4), 355 (5), 295 (62), 249 
(18), 209 (12), 171 (24), 147 (16), 123 (17), 109 (24), 97 (31), 83 (40), 73 (85), 59 
(100). 
HR EI MS: calculated for C20H30
79BrIOSi 476.9746; found 476.9755. 
Optical rotation: [ ]22D -83 (c 0.16, CH2Cl2). 
 
({5-Bromo-2-[({(1S)-1-methyl-3-[tris(1-methylethyl)silyl]prop-
2-yn-1-yl}oxy)methyl]phenyl}ethynyl)(trimethyl)silane 44 
A Schlenk flask was charged with iodide (S)-(-)-43 (100 mg, 
0.192 mmol), Pd(PPh3)4 (11 mg, 9.6 µmol, 5 mol %) and CuI (4 mg, 19.2 µmol, 10 
mol %) and put under argon. Diisopropylamine (3 ml) was added and the reaction 
mixture was cooled to 0 °C. Then trimethylsilylacetylene (30 µl, 0.211 mmol, 1.1 
equiv) was added dropwise and the reaction mixture was stirred at 0 °C for 3 h. 
Solvents were removed in vacuo and the crude product was chromatographed on 
silica gel (petroleum ether-ether 100:0 to 95:5) to provide diyne (S)-(-)-44 (87 mg, 93 
%) as an oil.  
1H NMR: 0.30 (9 H, s), 1.04-1.10 (21 H, m), 1.51 (3 H, d, J = 6.6), 4.32 (1 H, q, J = 
6.6), 4.64 (1 H, bd, J = 13.0), 4.83 (1 H, d, J = 13.0), 7.34 (1 H, d, J = 8.3), 7.43 (1 H, 
dd, J = 8.3, 2.1), 7.59 (1 H, d, J = 2.1).   
13C NMR: -0.16 (q), 11.09 (d), 18.59 (q), 22.36 (q), 66.05 (d), 68.07 (t), 85.94 (s), 
100.64 (s), 100.85 (s), 107.34 (s), 120.42 (s), 123.31 (s), 128.80 (d), 131.61 (d), 
134.76 (d), 139.61 (s).  
IR: 2866 vs, 2158 m, 1589 m, 1557 w, 1480 m, 1463 s, 1445 m (sh), 1411 w (sh), 
1384 m, 1372 m, 1324 m, 1312 w (sh), 1252 s, 1122 m, 1097 s, 1078 s, 997 m, 953 
w, 883 vs, 846 vs, 820 m, 700 w, 679 s, 662 m (sh), 521 w . 
APCI MS: 493 (81Br), 491(79Br) (M + H+), 490, 481, 391, 338, 282, 254. 
HR APCI MS: calculated for C25H40
79BrOSi2 (M + H
+) 491.1801; found 491.1810. 
Optical rotation: [ ]22D -94 (c 0.10, CH2Cl2). 
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{(3S)-3-[(4-Bromo-2-ethynylbenzyl)oxy]but-1-yn-1-yl}[tris(1-
methylethyl)]silane 45 
A Schlenk flask was charged with a solution of diyne (S)-(-)-44 
(81 mg, 0.165 mmol) in THF (3 ml) under argon. A sodium methoxide solution 
(prepared by dissolving sodium (9 mg, 0.396 mmol, 2.4 equiv) in dry methanol (1 ml) 
under argon) was added. After stirring at room temperature for 2 h, solvents were 
removed in vacuo and the crude product was chromatographed on silica gel 
(petroleum ether-ether 98:2) to provide diyne (S)-(-)-45 (65 mg, 94 %) as an oil.  
1H NMR: 1.02-1.10 (21 H, m), 1.50 (3 H, d, J = 6.6), 3.30 (1 H, s), 4.31 (1 H, q, J = 
6.6), 4.67 (1 H, bd, J = 13.1), 4.90 (1 H, d, J = 13.1), 7.37 (1 H, bd, J = 8.3), 7.47 (1 
H, dd, J = 8.3, 2.1), 7.61 (1 H, d, J = 2.1).   
13C NMR: 11.10 (d), 18.59 (q), 22.29 (q), 65.77 (d), 67.80 (t), 79.65 (s), 82.93 (d), 
86.14 (s), 107.16 (s), 120.52 (s), 122.38 (s), 129.07 (d), 132.03 (d), 135.03 (d), 
139.88 (s).  
IR: 3306 m, 2866 vs, 2165 w, 2105 vw, 1590 m, 1558 w, 1480 m, 1463 m, 1446 w 
(sh), 1384 m, 1373 m, 1325 m, 1312 w (sh), 1120 m, 1097 s, 1079 m (sh), 997 m, 
956 w, 884 s, 820 m, 679 m, 662 s, 627 m, 520 w . 
APCI MS: 338, 310, 282, 256. 
HR APCI MS: calculated for C22H32
79BrOSi (M + H+) 419.1406; found 419.1413. 
Optical rotation: [ ]22D -84 (c 0.19, CH2Cl2). 
 
{Ethyne-1,2-diylbis[(4-bromobenzene-2,1-
diyl)methanediyloxy(3S)but-1-yne-3,1-diyl]}bis[tris(1-
methylethyl)silane] 46 
A Schlenk flask was charged with iodide (S)-(-)-43 (63 mg, 
0.121 mmol, 1.0 equiv), Pd(PPh3)4 (7 mg, 6.05 µmol, 5 mol %) 
and CuI (2 mg, 12.09 µmol, 10 mol %) and put under argon. Diisopropylamine (2 ml) 
was added and the resulting solution was cooled to 0 °C. A solution of diyne (S)-(-)-
45 (55 mg, 0.132 mmol) in diisopropylamine (2 ml) was added and the reaction was 
stirred at 0 °C for 3 h. Solvent was removed in vacuo and the crude product was 
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chromatographed on silica gel (petroleum ether-ether 100:0 to 95:5) to provide triyne 
(S)-(-)-46 (98 mg, 95 %) as an oil. 
1H NMR: 0.97-1.05 (42 H, m), 1.52 (6 H, d, J = 6.6), 4.33 (2 H, q, J = 6.6), 4.72 (2 H, 
bd, J = 13.1), 4.95 (2 H, d, J = 13.1), 7.41 (2 H, bd, J = 8.3), 7.48 (2 H, dd, J = 8.3, 
2.1), 7.62 (2 H, d, J = 2.1).   
13C NMR: 11.07 (d), 18.52 (q), 22.39 (q), 65.81 (d), 68.01 (t), 86.31 (s), 91.02 (s), 
107.16 (s), 120.57 (s), 122.83 (s), 128.94 (d), 131.86 (d), 134.38 (d), 139.33 (s).  
IR: 2866 vs, 2165 w, 1591 m, 1557 w, 1487 m, 1463 s, 1445 w (sh), 1384 m, 1372 m, 
1325 m, 1310 w (sh), 1155 w (sh), 1096 vs, 1079 s, 997 m, 883 s, 819 m, 679 s, 666 
s, 532 w . 
APCI MS: 813 (81Br), 811(79Br) (M + H+), 769, 587, 338, 282, 256. 
HR APCI MS: calculated for C42H61
79Br2O2Si2 (M + H
+) 811.2565; found 811.2577. 
Optical rotation: [ ]22D -169 (c 0.18, CH2Cl2). 
 
{Ethyne-1,2-diylbis[(4-bromobenzene-2,1-
diyl)methanediyloxy(3S)but-1-yne-3,1-diyl]}bis[tris(1-
methylethyl)silane] 47 
A Schlenk flask was charged with a solution of triyne (S)-(-)-46 (90 
mg, 0.111 mmol) in THF (3 ml) under argon. A tetrabutylammonium fluoride solution 
(0.96 M in THF, 300 µl, 0.288 mmol, 2.60 equiv) was added and the reaction mixture 
was stirred at room temperature for 10 min. Solvent was removed in vacuo and the 
crude product was chromatographed on silica gel (petroleum ether-ether 100:0 to 
90:10) to provide triyne (S)-(-)-47 (50 mg, 91 %) as an amorphous solid. 
1H NMR: 1.52 (6 H, d, J = 6.6), 2.49 (2 H, d, J = 2.0), 4.31 (2 H, dq, J = 6.6, 6.6, 6.6, 
2.0), 4.71 (2 H, d, J = 12.7), 4.95 (2 H, dd, J = 12.7, 0.6), 7.41 (2 H, bd, J = 8.3), 7.49 
(2 H, dd, J = 8.3, 2.1), 7.68 (2 H, d, J = 2.1).   
13C NMR: 22.08 (q), 65.13 (d), 68.19 (t), 73.59 (d), 83.52 (s), 91.11 (s), 120.87 (s), 
123.15 (s), 129.34 (d), 131.96 (d), 134.57 (d), 138.81 (s).  
IR: 3306 s, 2112 vw, 1591 m, 1557 w, 1488 m, 1445 w (sh), 1375 m, 1327 m, 1310 w 
(sh), 1154 w, 1097 vs, 1079 s, 955 w, 845 w (sh), 820 m, 639 m . 
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APCI MS: 501 (81Br), 499 (79Br) (M + H+), 472, 431, 350, 282, 256. 
HR APCI MS: calculated for C24H21
79Br2O2 (M + H+) 498.9908; found 498.9911. 
Optical rotation: [ ]22D -113 (c 0.03, CH2Cl2). 
 
 
(3R,6S)-11,14-Dibromo-3,6-dimethyl-1,3,6,8-
tetrahydrodibenzo[e,e']benzo[1,2-c:4,3-c']bisoxepine 48 
A three-necked flask with an inner thermometer was charged with triyne 
(S,S)-(-)-47 (20 mg, 39.98 µmol) and triphenylphosphine (21 mg, 79.97 µmol, 2.0 
equiv). The reaction vessel was flushed with argon, decane (2 ml) was added and the 
solids were dissolved at 80 oC under stirring. CpCo(CO)2 (5.0 μl, 39.98 µmol, 1.0 
equiv) in decane (1.5 ml) was added and the reaction mixture was stirred at 140 oC 
for 4 h under simultaneous irradiation with a halogen lamp. The solvent was removed 
in vacuo and the residue was chromatographed on silica gel (hexanes-ether 100:0 to 
90:10) to afford the mixture of (M,S,S)-(-)- and (P,S,S)-(+)-48 (2 mg, 12 %) as an 
amorphous solid. The diastereomeric ratio was 95:5 in favour of (M,S,S) stereomer 
(according to the 1H NMR spectrum).  
1H NMR: 1.64 (6 H, d, J = 6.5), 4.24 (2 H, q, J = 6.5), 4.31 (2 H, d, J = 11.4), 4.60 (2 
H, d, J = 11.4), 6.60 (2 H, d, J = 2.0), 7.33 (2 H, d, J = 8.0), 7.46 (2 H, dd, J = 8.0, 
2.0), 7.63 (2 H, s).   
13C NMR: 17.76 (q), 67.28 (t), 68.70 (d), 121.38 (s), 125.78 (d), 130.63 (d), 131.21 
(d), 133.46 (d), 134.31 (s), 136.55 (s), 137.90 (s), 140.70 (s).  
IR: 1593 m, 1561 w, 1481 w, 1377 m, 1108 m (sh), 1084 s, 951 w, 823 m . 
APCI MS: 501 (81Br), 499 (79Br) (M + H+), 432, 391, 346, 338, 316, 282, 256, 205, 
168, 156. 
HR APCI MS: calculated for C24H21
79Br2O2 (M + H
+) 498.9908; found 498.9919. 
Optical rotation: [ ]22D –98 (c 0.05, CH2Cl2) for (M,S)-(-)-48:(P,S)-48 = 95:5. 
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1,1'-Ethyne-1,2-diylbis{2-[({(1S)-3-[3,5-
bis(trifluoromethyl)phenyl]-1-methylprop-2-yn-1-
yl}oxy)methyl]-5-bromobenzene} 50 
A Schlenk flask was charged with iodide (S)-(-)-49 (14 µl, 
79.97 µmol, 2.0 equiv), Pd(CH3CN)2Cl2 (1 mg, 4.0 µmol, 10 
mol %), PPh3 (1 mg, 4.0 µmol, 10 mol %) and CuI (1.5 mg, 
8.0 µmol, 20 mol %) and put under argon. Diisopropylamine (50 µl) and toluene (1 
ml) were added and the resulting solution was cooled to 0 °C. A solution of triyne  
(S)-(-)-47 (20 mg, 39.98 µmol) in toluene (1.5 ml) was added and the reaction was 
stirred at 0 °C for 1 h. Solvent was removed in vacuo and the crude product was 
chromatographed on silica gel (petroleum ether-ether 100:0 to 95:5) to provide triyne 
(S)-(-)-50 (25 mg, 68 %) as an oil. 
1H NMR: 1.58 (12 F, d, J = 6.6), 4.50 (2 H, q, J = 6.6), 4.77 (2 H, d, J = 12.5), 4.94 (2 
H, dd, J = 12.5, 0.6), 7.36 (2 H, bd, J = 8.3, 0.6, 0.6, 0.6, 0.4), 7.45 (2 H, dd, J = 8.3, 
2.1), 7.60 (2 H, d, J = 2.1), 7.77 (4 H, bs), 7.77 (4 H, bs). 
 19F NMR: -59.33.  
13C NMR: 21.97 (q), 65.47 (d), 68.61 (t), 82.54 (s), 91.09 (s), 92.46 (s), 121.16 (s), 
121.87 (bd), 122.79 (q), 123.29 (s), 124.69 (s), 129.66 (d), 131.50 (bd), 131.83 (d), 
132.06 (d), 134.51 (d), 138.44 (s).  
IR: 3087 w, 2230 vw, 1615 w, 1591 m, 1557 w, 1488 m, 1463 m, 1445 w (sh), 1382 
vs, 1327 m, 1312 w, 1280 vs, 1267 m (sh), 1233 m, 1183 vs, 1144 vs, 1107 s, 1095 
vs, 1080 m, 953 m, 899 s, 884 w, 848 m, 820 m, 700 m, 684 s, 598 w, 567 w, 533 
vw, 427 w . 
FAB MS: 825 (0.5), 659 (2), 599 (4), 518 (2), 371 (26), 265 (51), 180 (13), 154 (100), 
89 (34). 
HR FAB MS: calculated for C40H24
79Br2F12O2 923.0030; found 923.0046. 
Optical rotation: [ ]22D -131 (c 0.03, CH2Cl2). 
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(3S,6S)-4,5-bis[3,5-bis(trifluoromethyl)phenyl]-11,14-
dibromo-3,6-dimethyl-1,3,6,8-
tetrahydrodibenzo[e,e']benzo[1,2-c:4,3-c']bisoxepine 51 
A three-necked flask with an inner thermometer was charged 
with triyne (S,S)-(-)-50 (20 mg, 21.64 µmol) and triphenylphosphine (11 mg, 43.27 
µmol, 2.0 equiv). The reaction vessel was flushed with argon, decane (2 ml) was 
added and the solids were dissolved at 80 oC under stirring. CpCo(CO)2 (3.0 μl, 
21.64 µmol, 1.0 equiv) in decane (1.5 ml) was added and the reaction mixture was 
stirred at 140 oC for 2 h under simultaneous irradiation with a halogen lamp. The 
solvent was removed in vacuo and the residue was chromatographed on silica gel 
(hexanes-ether 100:0 to 90:10) to afford (P,S,S)-(+)-51 (6 mg, 30 %) as an 
amorphous solid.  
1H NMR: 0.76 (6 H, d, J = 7.2), 4.63 (2 H, d, J = 11.8), 4.74 (2 H, d, J = 11.8), 4.84 (2 
H, q, J = 7.2), 6.66 (2 H, d, J = 1.9), 7.32 + 7.58 (4 H, bs), 7.36 (2 H, d, J = 8.0), 7.47 
(2 H, dd, J = 8.0, 1.9), 7.66 (2 H, bs) .   
13C NMR: 22.06 (q), 66.49 (t), 72.46 (d), 120.95 (d), 121.65 (s), 129.36 (d), 129.60 
(d), 130.27 (d), 131.62 (d), 134.07 (d), 136.33 (s), 137.46 (s), 137.76 (s), 140.22 (s).  
FAB MS: 846 (2), 718 (1), 662 (2), 550 (2), 495 (2), 442 (2), 384 (3), 350 (3), 314 (4), 
165 (12), 136 (63), 77 (100). 
HR FAB MS: calculated for C40H24
79Br2F12O2 923.0030; found 923.0066. 
Optical rotation: [ ]22D +118 (c 0.06, CH2Cl2). 
 
(3S)-14-(Dibenzo[d,f][1,3,2]dioxaphosphepin-6-yloxy)-3-
methyl-4-(4-methylphenyl)-1,3,6,7-
tetrahydrobenzo[c]benzo[5,6]phenanthro[4,3-e]oxepine 
59 
A solution of 2,2‘-biphenol (10 g, 0.054 mol) in phosphorus trichloride (30 ml ) was 
heated at reflux for 2 h. The excess phosphorus trichloride was removed by 
distillation. The residue was purified by vacuum distillation (b.p. 183-186 °C at 0.7 
mm Hg) to give phosphorochloridite 54 (10.10 g, 75 %) as an oil. 
31P NMR (toluene-d8): 180.64 (s). 
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A Schlenk flask was charged with NaH (60 % suspension in mineral oil, 43 mg, 
1.79 mmol, 4.0 equiv) and put under argon. THF (1 ml) was added and the stirred 
suspension was cooled to 0 oC. A solution of (P,S)-(+)-52 (125 mg, 0.267 mmol) in 
THF (2 ml) was added dropwise. The reaction mixture was stirred at 0 oC for 15 min 
then warmed slowly to room temperature and stirred for 3 h. Then the mixture was 
cooled again to 0 oC and phosphorochloridite 54 (107 mg, 0.427 mmol, 1.6 equiv) in 
THF (1 ml) was added dropwise. The reaction mixture was warmed slowly to room 
temperature (2 h) then triethylamine (300 μl) was added. Solvent was removed in 
vacuo and the crude product was chromatographed on silica gel (cyclohexan-ether 
90:10 with 3 % Et3N) to afford (P,S)-(+)-59 (133 mg, 73 %) as an amorphous solid. 
1H NMR: 1.27 (3 H, d, J = 7.1), 3.06 (3 H, s), 3.30-3.41 (2 H, m), 5.40 (1 H, d, J = 
11.5), 5.68 (1 H, d, J = 11.5), 5.94 (1 H, q, J = 7.1), 7.27 (1 H, m), 7.27 (1 H, dd, J = 
8.2, 1.7), 7.38 (1 H, ddd, J = 8.5, 6.8, 1.4), 7.61 (1 H, dd, J = 8.2, 7.5), 7.67 (1 H, ddd, 
J = 8.1, 6.8, 1.2), 7.73 (1 H, m), 7.78 (2 H, m), 7.78 (1 H, d, J = 8.6), 7.79 (1 H, dd, J 
= 7.5, 1.7), 7.81 (1 H, ddt, J = 8.5, 1.2, 0.5, 0.5), 7.89 (1 H, s), 7.92 (1 H, m), 7.96 (2 
H, m), 8.05 (1 H, dd, J = 7.6, 1.7), 8.19 (1 H, ddt, J = 8.1, 1.4, 0.6, 0.6), 8.25 (1 H, dt, 
J = 8.6, 0.6, 0.6). 
13C NMR: 21.20 (q), 22.50 (q), 30.36 (t), 30.42 (t), 67.82 (t), 72.40 (d), 119.40 (d), 
121.48 (d), 122.05 (d), 123.63 (d), 123.71 (d), 124.67 (d), 124.89 (d), 125.39 (d), 
125.44 (d), 127.11 (d), 127.73 (d), 128.85 (d), 128.91 (s), 129.00 (d), 129.09 (d), 
129.47 (d), 129.83 (d), 131.83 (s), 132.34 (s), 132.70 (s), 133.30 (s), 134.25 (s), 
135.43 (s), 136.69 (s), 138.66 (s), 138.98 (s), 139.46 (s), 140.80 (s), 141.24 (s), 
148.00 (s), 148.62 (s), 149.14 (s). 
31P NMR: 142.33 (s). 
IR (CCl4): 3070 m (sh), 3053 m, 1620 w, 1601 m, 1586 m, 1576 m, 1568 m, 1513 s, 
1500 s, 1476 vs, 1468 s, 1437 vs, 1379 m (sh), 1368 s, 1205 vs, 1184 vs, 1138 m, 
1116 m, 1097 s, 1089 vs, 1074 s, 1036 s, 1024 m, 1011 m, 890 s (sh), 864 vs, 815 
vs, 708 s, 570 w, 559 w, 545 m, 528 m, 493 w . 
APCI MS: 683(M + H+), 665, 369, 316, 288. 
HR APCI MS: calculated for C46H36O4P (M + H
+) 683.2351; found 683.2330. 
Optical rotation: [ ]22D +264 (c 0.03, CH2Cl2). 
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(3S)-14-[(4,8-Di-tert-butyl-2,10-
dimethoxydibenzo[d,f][1,3,2]dioxaphosphepin-6-
yl)oxy]-3-methyl-4-(4-methylphenyl)-1,3,6,7-
tetrahydrobenzo[c]benzo[5,6]phenanthro[4,3-e]oxepine 
60 
A solution of alcohol 55 (200 mg, 0.558 mmol) in toluene (2 ml), triethylamine (310 μl, 
2.232 mmol, 4.0 equiv) and phosphorus trichloride (290 μl, 3.348 mmol, 6.0 equiv) 
was heated at reflux for 2 h. The excess phosphorus trichloride was removed by 
distillation to give phosphorochloridite 56 (137 g, 58 %) as an amorphous solid. 
31P NMR (toluene- d8): 204.21 (s). 
A Schlenk flask was charged with NaH (60 % suspension in mineral oil, 13 mg, 
0.534 mmol, 2.5 equiv) and put under argon. THF (2 ml) was added and the stirred 
suspension was cooled to 0 oC. A solution of (P,S)-(+)-52 (100 mg, 0.213 mmol) in 
THF (2 ml) was added dropwise. The reaction mixture was stirred at 0 oC for 10 min 
then warmed slowly to room temperature and stirred for 3 h. Then the mixture was 
cooled again to 0 oC and phosphorochloridite 56 (135 mg, 0.320 mmol, 1.5 equiv) in 
THF (1.5 ml) was added dropwise. The reaction mixture was warmed slowly to room 
temperature (2 h) then triethylamine (300 μl) was added. Solvent was removed in 
vacuo and the crude product was chromatographed on silica gel (cyclohexan-ether 
90:10 with 3 % Et3N) to afford (P,S)-(+)-60 (82 mg, 45 %) as an amorphous solid. 
1H NMR: 0.62 (3 H, d, J = 7.1), 1.06 (18 H, s), 2.44 (3 H, s), 2.58 (2 H, m), 2.64 (2 H, 
m), 3.81 (3 H, s), 4.00 (3 H, s), 4.82 (1 H, d, J = 11.3), 5.09 (1 H, d, J = 11.3), 5.38 (1 
H, q, J = 7.1), 6.69 (1 H, d, J = 3.1), 6.75 (1 H, ddd, J = 8.4, 6.8, 1.4), 6.82 (1 H, d, J 
= 3.1), 7.02 (1 H, ddd, J = 8.0, 6.8, 1.2), 7.03 (1 H, bt, J = 7.4), 7.09 (1 H, bd, J = 7.3), 
7.21 (1 H, dd, J = 7.5, 1.0), 7.25 (1 H, s), 7.28 (1 H, m), 7.28 (1 H, bdq, J = 8.4, 1.0, 
1.0, 1.0), 7.29 (1 H, bd, J = 8.0), 7.36 (1 H, d, J = 8.1), 7.38 (1 H, m), 7.49 (1 H, bd, J 
= 8.1). 
13C NMR: 21.20 (q), 22.75 (q), 30.80 (t), 30.83 (t), 30.90 (q), 34.98 (s), 35.17 (s), 
55.58 (q), 55.77 (q), 67.93 (t), 72.26 (d), 112.17 (d), 112.93 (d), 114.53 (d), 123.19 
(d), 123.61 (d), 125.36 (d), 125.36 (d), 125.99 (d), 127.08 (d), 127.36 (d), 128.33 (d), 
128.39 (s), 128.39 (s), 128.93 (d), 128.93 (d), 129.32 (d), 131.96 (s), 132.38 (s), 
132.39 (s), 134.39 (s), 134.66 (s), 135.12 (s), 136.60 (s), 138.17 (s), 138.77 (s), 
138.86 (s), 139.18 (s), 141.02 (s), 142.37 (s), 142.81 (s), 155.34 (s), 155.81 (s). 
31P NMR: 142.85 (s). 
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IR (CCl4): 3052 w, 2835 w, 1590 m, 1513 w, 1481 w, 1463 m, 1447 m, 1436 m, 1411 
s, 1394 w, 1380 w (sh), 1364 m, 1203 vs, 1187 m, 1088 m, 1032 m, 1024 w, 883 s, 
860 m . 
APCI MS: 855(M + H+), 745, 583, 451, 421, 405, 391, 279. 
HR APCI MS: calculated for C56H56O6P (M - H
+) 855.3815; found 855.3803. 
Optical rotation: [ ]22D +98 (c 0.05, CH2Cl2). 
 
(3S)-14-(1,3,2-Dioxaphospholan-2-yloxy)-3-methyl-4-(4-
methylphenyl)-1,3,6,7-
tetrahydrobenzo[c]benzo[5,6]phenanthro[4,3-e]oxepine 61 
A Schlenk flask was charged with NaH (80 % suspension in mineral 
oil, 24 mg, 1.014 mmol, 3.8 equiv) and put under argon. THF (1 ml) was added and 
the stirred suspension was cooled to 0 oC. A solution of (P,S)-(+)-52 (100 mg, 0.213 
mmol) in THF (1.5 ml) was added dropwise. The reaction mixture was stirred at 0 oC 
for 15 min then warmed slowly to room temperature and stirred for 45 min. Then the 
mixture was cooled again to 0 oC and phosphorochloridite 57 (30 μl, 0.342 mmol, 1.6 
equiv) was added dropwise. The reaction mixture was warmed slowly to room 
temperature (3 h) then triethylamine (300 μl) was added. Solvent was removed in 
vacuo and the crude product was chromatographed on silica gel (cyclohexan-ether-
acetone 80:10:10 with 3 % Et3N) to afford (P,S)-(+)-61 (90 mg, 76 %) as an 
amorphous solid. 
1H NMR: 0.62 (3 H, d, J = 7.1), 2.43 (3 H, s), 2.73-2.81 (1 H, m), 2.87-2.94 (1 H, m), 
3.08-3.15 (2 H, m), 3.76-3.86 (4 H, m), 4.74 (1 H, d, J = 11.4), 5.01 (1 H, d, J = 11.4), 
5.31 (1 H, q, J = 7.1), 6.36 (1 H, dd, J = 8.1, 1.3), 6.73 (1 H, ddd, J = 8.6, 6.7, 1.4), 
6.90 (1 H, dd, J = 8.1, 7.5), 7.03 (1 H, ddd, J = 8.1, 6.7, 1.2), 7.11 (1 H, dd, J = 7.5, 
1.3), 7.18 (1 H, dq, J = 8.6, 1.0, 1.0, 1.0), 7.28 (2 H, m), 7.40 (1 H, d, J = 1.1), 7.40 (2 
H, m), 7.42 (1 H, d, J = 8.0), 7.56 (1 H, dd, J = 8.1, 1.4), 7.63 (1 H, d, J = 8.0). 
13C NMR: 21.21 (q), 22.53 (q), 30.55 (t), 30.70 (t), 63.70 (t), 63.72 (t), 67.87 (t), 72.40 
(d), 119.75 (d), 123.59 (d), 123.79 (d), 124.53 (d), 125.56 (d), 125.93 (d), 127.02 (d), 
127.39 (d), 128.92 (s), 128.92 (d), 128.99 (d), 128.99 (d), 129.28 (d), 132.40 (s), 
132.60 (s), 132.84 (s), 133.61 (s), 134.05 (s), 135.56 (s), 136.67 (s), 138.70 (s), 
138.73 (s), 138.94 (s), 140.58 (s), 141.32 (s), 147.70 (s). 
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31P NMR: 127.25 (s). 
IR (CCl4): 3053 m, 1622 vw (sh), 1612 w, 1596 w (sh), 1587 w, 1578 w, 1514 m, 
1465 s, 1438 m, 1380 m (sh), 1368 s, 1303 w (sh), 1293 m, 1277 m, 1249 s, 1238 m, 
1213 m, 1181 m, 1159 m (sh), 1138 w, 1110 w, 1090 vs, 1073 s, 1037 m (sh), 1022 
m, 1012 s, 888 m, 863 w, 847 m, 837 m, 822 vs, 729 m, 701 w, 565 w, 545 w, 529 w, 
492 w . 
APCI MS: 559 (M + H+), 526, 451, 391, 317, 301, 282, 254. 
HR APCI MS: calculated for C36H32O4P (M + H
+) 559.2038; found 559.2031. 
Optical rotation: [ ]22D +369 (c 0.09, CH2Cl2). 
 
(3S)-3-Methyl-4-(4-methylphenyl)-14-[(4,4,5,5-tetramethyl-
1,3,2-dioxaphospholan-2-yl)oxy]-1,3,6,7-
tetrahydrobenzo[c]benzo[5,6]phenanthro[4,3-e]oxepine 61 
A Schlenk flask was charged with NaH (80 % suspension in 
mineral oil, 24 mg, 1.014 mmol, 3.8 equiv) and put under argon. THF (1 ml) was 
added and the stirred suspension was cooled to 0 oC. A solution of (P,S)-(+)-52 (100 
mg, 0.213 mmol) in THF (1.5 ml) was added dropwise. The reaction mixture was 
stirred at 0 oC for 15 min then warmed slowly to room temperature and stirred for 45 
min. Then the mixture was cooled again to 0 oC and phosphorochloridite 58 (54 μl, 
0.342 mmol, 1.6 equiv) was added dropwise. The reaction mixture was warmed 
slowly to room temperature (2 h) then triethylamine (300 μl) was added. Solvent was 
removed in vacuo and the crude product was chromatographed on silica gel 
(cyclohexan-ether-acetone 80:10:10 with 3 % Et3N) to afford (P,S)-(+)-62 (110 mg, 
84 %) as an amorphous solid. 
1H NMR: 0.60 (3 H, d, J = 7.1), 1.00 (3 H, s), 1.12 (3 H, s, J = 1.6), 1.14 (3 H, s, J = 
4.2), 1.24 (3 H, s), 2.43 (3 H, s), 2.75 (1 H, dddd, J = 15.2, 13.9, 3.8, 1.0), 2.82-2.91 
(1 H, m), 2.82-2.91 (1 H, m), 3.21 (1 H, bdt, J = 15.0, 15.0, 4.5), 4.74 (1 H, d, J = 
11.5), 5.03 (1 H, d, J = 11.5), 5.30 (1 H, q, J = 7.1), 6.36 (1 H, ddt, J = 8.0, 1.9, 0.7, 
0.7), 6.73 (1 H, ddd, J = 8.4, 6.7, 1.4), 6.90 (1 H, dd, J = 8.0, 7.4), 7.01 (1 H, ddd, J = 
8.1, 6.7, 1.2), 7.10 (1 H, ddt, J = 7.4, 1.9, 0.7, 0.7), 7.19 (1 H, dq, J = 8.4, 1.0, 1.0, 
1.0), 7.27 (2 H, m), 7.39 (1 H, m), 7.38 (1 H, d, J = 1.0), 7.39 (1 H, d, J = 8.0), 7.53 (1 
H, ddt, J = 8.1, 1.4, 0.6, 0.6), 7.59 (1 H, bd, J = 8.0). 
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13C NMR: 21.21 (q), 22.65 (q), 30.56 (t), 30.82 (t), 67.92 (t), 72.46 (d), 121.02 (d), 
123.46 (d), 123.58 (d), 124.49 (d), 125.57 (d), 126.32 (d), 126.99 (d), 127.15 (d), 
128.84 (d), 128.96 (s), 128.96 (d), 128.96 (d), 129.20 (d), 132.33 (s), 132.89 (s), 
132.89 (s), 134.11 (s), 134.16 (s), 135.48 (s), 136.57 (s), 138.62 (s), 138.81 (s), 
139.16 (s), 140.62 (s), 141.10 (s), 147.52 (s). 
31P NMR: 134.98 (s). 
IR (CCl4): 1612 vw, 1595 w (sh), 1589 w, 1576 w (sh), 1514 w, 1465 m, 1438 w, 
1383 w (sh), 1375 m, 1368 w (sh), 1237 w, 1213 w, 1181 m, 1112 w, 1090 m, 1073 
w, 1023 w, 1009 m, 881 m, 865 w (sh), 846 w, 821 m, 729 w, 701 w, 565 w, 545 w, 
529 w, 497 w. 
APCI MS: 615 (M + H+), 469, 451, 366, 301, 252. 
HR APCI MS: calculated for C40H40O4P (M + H
+) 615.2664; found 615.2642. 
Optical rotation: [ ]22D +543 (c 0.16, CH2Cl2). 
 
Bis{2-[4-(triisopropylsilyl)but-3-yn-1-yl]-1-naphthyl}acetylene 
84 
A Schlenk flask was charged with naphthyl diyne 7 (1.12 g, 3.11 
mmol), naphthyl iodide 23 (1.58 g, 3.42 mmol, 1.1 equiv), 
Pd(PPh3)4 (180 mg, 0.156 mmol, 5 mol %), CuI (59 mg, 0.310 mmol, 10 mol %) and 
flushed with argon. Diisopropylamine (50 ml) was added and the reaction mixture 
was stirred at 80 oC for 2 h. The solvent was removed in vacuo and the residue was 
chromatographed on silica gel (petroleum ether-ether 100:0 to 98:2) to obtain 84 
(1.78 g, 82 %) as an oil. 1H NMR (200 MHz, CDCl3) spectrum was in accord with the 
literature data. 117 
 
Bis[2-(but-3-yn-1-yl)-1-naphthyl]acetylene 85  
Following the literature procedure,117 triyne 84 (690 mg, 1.80 mmol) in 
THF (15 ml) was desilylated with tetrabutylammonium fluoride (1.0 M 
solution in THF, 2.40 ml, 2.40 mmol, 2.4 equiv) at room temperature 
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within 20 min. Flash chromatography on silica gel (petroleum ether-ether 100:0 to 
98:2) gave triyne 85 (247 mg, 65 %). 1H NMR (200 MHz, CDCl3) spectrum was in 
accord with the literature data.117  
 
7,8,11,12-Tetrahydroheptahelicene 86  
A flask with triyne 85 (162 mg) was flushed with argon. The material 
was dissolved in THF (5 ml) and CpCo(C2H4)2 (15 mg, 0.085 mmol, 
20 mol %) in THF (2 ml) was added. The reaction mixture was stirred at room 
temperature for 40 min and evaporated to dryness in vacuo. Flash chromatography 
on silica gel (petroleum ether-ether 100:0 to 98:2) provided tetrahydroheptahelicene 
86 (104 mg, 64 %) as an amorphous solid. 1H NMR (200 MHz, CDCl3) spectrum was 
in accord with the literature data.118 
 
Heptahelicene 87 
A Schlenk flask was charged with tetrahydroheptahelicene 86 (100 
mg, 0.261 mmol) and trityl tetrafluoroborate (290 mg, 0.878 mmol, 3.4 
equiv) and flushed with argon. The materials were dissolved in 1,2-
dichloroethane (13 ml) and the reaction mixture was stirred at 80 oC for 20 h. The 
mixture was diluted with 1,2-dichloroethane and washed with aqueous KHCO3. The 
solution was dried over anhydrous Na2SO4 and evaporated to dryness. Flash 
chromatography on silica gel (petroleum ether-ether 100:0 to 98:2) afforded 
heptahelicene 87 (89 mg, 90 %) as an amorphous solid. 1H NMR (200 MHz, CDCl3) 
spectrum was in accord with the literature data.21 
 
Resolution of rac-heptahelicene into enantiomers  
Using a semipreparative (R,R)-Whelk-O1 column (250 x 4.6 mm, 5 µm, 
n-heptane, 1.0 ml/min) multiple injections (0.5-0.7 mg portions in heptane) of racemic 
heptahelicene rac-87 (35 mg) and reinjections of the not fully resolved fractions led to 
optically pure (M)-(-)-87 (>99 % op, 15 mg) and optically highly enriched (P)-(+)-87 
(92 % op, 14 mg). Optical purity of (M)-(-)-87 and (P)-(+)-87 was determined on a 
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Chiralcel OD-H column (250 x 4.6 mm, n-heptane, 0.8 ml/min) using UV and 
polarimetric detectors. (M)-(-)-87: [α]25D -2276 (c 0.063, CHCl3), (P)-(+)-87: [α]
25
D 
+2231 (c 0.084, CHCl3). 
 
Typical procedure for the enantioselective allylic amination 
A typical procedure is given for the reaction of cinnamyl methyl carbonate 77 
with benzylamine in the presence of phosphite ligand (P,S)-(+)-62 (Scheme 6.2, 
Table 6.1).  
(S)-N-(1-Phenyl-2-propenyl)benzylamine iso-78 
A Schlenk flask was charged with [Ir(COD)Cl]2 (6.4 mg, 0.010 mmol, 1 
mol %) and (P,S)-(+)-62 (12 mg, 0.020 mmol, 2 mol %) and flushed with 
argon. The materials were dissolved in 0.3 ml THF and the reaction 
mixture was stirred at 50 oC for 30 min. Benzylamine (135 μl, 1.230 mmol, 1.26 
equiv) was added by syringe. The reaction mixture was stirred at room temperature 
for 5 min then a solution of cinnamyl methyl carbonate 77 (188 mg, 0.978 mmol) in 
THF (0.3 ml) was added dropwise. The reaction mixture was warmed to 50 oC and 
stirred for 2 days. Solvent was removed in vacuo. 1H NMR analysis of the residual 
crude mixture indicated the ratio of iso-78 and n-79 to be less than 97:3 in favour of 
iso regioisomer. The crude product was then chromatographed on silica gel 
(cyclohexan-ethyl acetate 90:10 with 0.5 % Et3N) to afford iso-78 (64 mg, 25 %) as 
an oil. HPLC revealed that the enantiomeric excess of product was 93 % [Daicel 
CHIRALCEL OD-H (250 x 4.6 mm); heptan/2-propanol = 99.6/0.4; flow rate = 1 
ml/min; detection wave lenght = 254 nm; TR = 13.060 (minor), 15.835 (major) min]. 
1H NMR (400 MHz, CDCl3) spectrum was in accord with the literature data.
105 The 
absolute configuration was determined by comparison of the optical rotation with 
literature data: [α]25D +5.9 (c 0.850, CHCl3), lit.
119 [α]25D +3.6 (c 0.5, CHCl3) for (S)-
enantiomer of 86 % ee. 
The typical procedure was followed with phosphite ligand (P,S)-(+)-59 (13 mg, 
0.020 mmol, 2 mol %). The reaction was conducted at 40 °C for 3 days. 1H NMR 
analysis of the residual crude mixture indicated the ratio of iso-78 and n-79 to be less 
than 97:3 in favour of iso regioisomer. The crude product was then chromatographed 
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on silica gel (cyclohexan-ethyl acetate 90:10 with 0.5 % Et3N) to afford iso-78 (9 mg, 
4 %) as an oil. HPLC revealed that the enantiomeric excess of product was 39 %.  
Optical rotation: [ ]22D +2.7 (c 0.097, CHCl3). 
 The typical procedure was followed with phosphite ligand (P,S)-(+)-61 (11 mg, 
0.020 mmol, 2 mol %). The reaction was conducted at 50 °C for 1 day. 1H NMR 
analysis of the residual crude mixture indicated the ratio of iso-78 and n-79 to be less 
than 97:3 in favour of iso regioisomer. The crude product was then chromatographed 
on silica gel (cyclohexan-ethyl acetate 90:10 with 0.5 % Et3N) to afford iso-78 (24 mg, 
11 %) as an oil. HPLC revealed that the product was racemic.  
The typical procedure was followed with phosphite ligand (P,S)-(+)-61 (11 mg, 
0.020 mmol, 2 mol %) in dichloromethane. The reaction was conducted at 35 °C for 3 
days. 1H NMR analysis of the residual crude mixture indicated the ratio of iso-78 and 
n-79 to be less than 97:3 in favour of iso regioisomer. The crude product was then 
chromatographed on silica gel (cyclohexan-ethyl acetate 90:10 with 0.5 % Et3N) to 
afford iso-78 (35 mg, 16 %) as an oil. HPLC revealed that the enantiomeric excess of 
product was 26 %.  
Optical rotation: [ ]22D +2.0 (c 0.213, CHCl3). 
The typical procedure was followed with phosphite ligand (P,S)-(+)-62 (12 mg, 
0.020 mmol, 2 mol %) in dichloromethane. The reaction was conducted at 35 °C for 
12 h. 1H NMR analysis of the residual crude mixture indicated the ratio of iso-78 and 
n-79 to be less than 97:3 in favour of iso regioisomer. The crude product was then 
chromatographed on silica gel (cyclohexan-ethyl acetate 90:10 with 0.5 % Et3N) to 
afford iso-78 (207 mg, 95 %) as an oil. HPLC revealed that the enantiomeric excess 
of product was 90 %.  
Optical rotation: [ ]22D +5.8 (c 0.953, CHCl3). 
 
1-(1-Phenyl-2-propenyl)pyrrolidine iso-80 
The typical procedure was followed with phosphite ligand (P,S)-(+)-61 (11 
mg, 0.020 mmol, 2 mol %) and pyrrolidine (131 μl, 1.565 mmol, 1.6 
equiv). The reaction was conducted at 50 °C for 12 h. The crude product was 
chromatographed on silica gel (cyclohexan-ethyl acetate 90:10 with 0.5 % Et3N) to 
Ph
N
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afford iso-80 (13 mg, 7 %) as an oil. HPLC revealed that the enantiomeric excess of 
product was 45 % [Daicel CHIRALCEL OD-H (250 x 4.6 mm); heptan/2-propanol = 
99.6/0.4; flow rate = 1 ml/min; detection wave lenght = 254 nm; TR = 5.187 (minor), 
5.917 (major) min]. 1H NMR (400 MHz, CDCl3) spectrum was in accord with the 
literature data.105  
Optical rotation: [ ]22D +46 (c 0.038, CHCl3). 
The typical procedure was followed with phosphite ligand (P,S)-(+)-62 (12 mg, 
0.020 mmol, 2 mol %) and pyrrolidine (131 μl, 1.565 mmol, 1.6 equiv). The reaction 
was conducted at 50 °C for 3 h. The crude product was chromatographed on silica 
gel (cyclohexan-ethyl acetate 90:10 with 0.5 % Et3N) to afford iso-80 (71 mg, 39 %) 
as an oil. HPLC revealed that the enantiomeric excess of product was 89 %. 
Optical rotation: [ ]22D +91 (c 0.316, CHCl3). 
The typical procedure was followed with phosphite ligand (P,S)-(+)-59 (13 mg, 
0.020 mmol, 2 mol %) in dichloromethane. The reaction was conducted at 35 °C for 
12 h. The crude product was chromatographed on silica gel (cyclohexan-ethyl 
acetate 90:10 with 0.5 % Et3N) to afford iso-80 (80 mg, 44 %) as an oil. HPLC 
revealed that the product was racemic.  
The typical procedure was followed with phosphite ligand (P,S)-(+)-61 (11 mg, 
0.020 mmol, 2 mol %) in dichloromethane. The reaction was conducted at 35 °C for 
12 h. The crude product was chromatographed on silica gel (cyclohexan-ethyl 
acetate 90:10 with 0.5 % Et3N) to afford iso-80 (23 mg, 13 %) as an oil. HPLC 
revealed that the enantiomeric excess of product was 56 %. 
Optical rotation: [ ]22D +58 (c 0.382, CHCl3). 
The typical procedure was followed with phosphite ligand (P,S)-(+)-62 (12 mg, 
0.020 mmol, 2 mol %) in dichloromethane. The reaction was conducted at 35 °C for 2 
h. The crude product was chromatographed on silica gel (cyclohexan-ethyl acetate 
90:10 with 0.5 % Et3N) to afford iso-80 (109 mg, 60 %) as an oil. HPLC revealed that 
the enantiomeric excess of product was 92 %. 
Optical rotation: [ ]22D +92 (c 0.947, CHCl3). 
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1-(1-Phenyl-2-propenyl)morpholine iso-81 
The typical procedure was followed with phosphite ligand (P,S)-(+)-61 
(11 mg, 0.020 mmol, 2 mol %) and morpholine (137 μl, 1.565 mmol, 1.6 
equiv). The reaction was conducted at 50 °C for 12 h. 1H NMR analysis 
of the residual crude mixture indicated the ratio of iso-78 and n-79 to be less than 
95:5 in favour of iso regioisomer. The crude product was chromatographed on silica 
gel (cyclohexan-ethyl acetate 90:10 with 0.5 % Et3N) to afford iso-81 (34 mg, 17 %) 
as an oil. HPLC revealed that the enantiomeric excess of product was 65 % [Daicel 
CHIRALCEL OJ-H (250 x 4.6 mm); heptan/2-propanol = 99/1; flow rate = 0.7 ml/min; 
detection wave lenght = 254 nm; TR = 10.813 (major), 11.813 (minor) min]. 
1H NMR 
(400 MHz, CDCl3) spectrum was in accord with the literature data.
105  
Optical rotation: [ ]22D +71 (c 0.155, CHCl3). 
The typical procedure was followed with phosphite ligand (P,S)-(+)-62 (12 mg, 
0.020 mmol, 2 mol %) and morpholine (137 μl, 1.565 mmol, 1.6 equiv). The reaction 
was conducted at 50 °C for 12 h. 1H NMR analysis of the residual crude mixture 
indicated the ratio of iso-78 and n-79 to be less than 95:5 in favour of iso 
regioisomer. The crude product was chromatographed on silica gel (cyclohexan-ethyl 
acetate 90:10 with 0.5 % Et3N) to afford iso-81 (103 mg, 52 %) as an oil. HPLC 
revealed that the enantiomeric excess of product was 91 %. 
Optical rotation: [ ]22D +99 (c 0.492, CHCl3). 
The typical procedure was followed with phosphite ligand (P,S)-(+)-59 (13 mg, 
0.020 mmol, 2 mol %) and morpholine (137 μl, 1.565 mmol, 1.6 equiv) in 
dichloromethane. The reaction was conducted at 35 °C for 3 days. 1H NMR analysis 
of the residual crude mixture indicated the ratio of iso-78 and n-79 to be less than 
95:5 in favour of iso regioisomer. The crude product was chromatographed on silica 
gel (cyclohexan-ethyl acetate 90:10 with 0.5 % Et3N) to afford iso-81 (177 mg, 89 %) 
as an oil. HPLC revealed that the enantiomeric excess of product was 19 %. 
Optical rotation: [ ]22D +18 (c 0.045, CHCl3). 
The typical procedure was followed with phosphite ligand (P,S)-(+)-61 (11 mg, 
0.020 mmol, 2 mol %) and morpholine (137 μl, 1.565 mmol, 1.6 equiv) in 
dichloromethane. The reaction was conducted at 35 °C for 12 h. 1H NMR analysis of 
Ph
N
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the residual crude mixture indicated the ratio of iso-78 and n-79 to be less than 95:5 
in favour of iso regioisomer. The crude product was chromatographed on silica gel 
(cyclohexan-ethyl acetate 90:10 with 0.5 % Et3N) to afford iso-81 (140 mg, 70 %) as 
an oil. HPLC revealed that the enantiomeric excess of product was 79 %. 
Optical rotation: [ ]22D +84 (c 0.799, CHCl3). 
The typical procedure was followed with phosphite ligand (P,S)-(+)-62 (12 mg, 
0.020 mmol, 2 mol %) and morpholine (137 μl, 1.565 mmol, 1.6 equiv) in 
dichloromethane. The reaction was conducted at 35 °C for 12 h. 1H NMR analysis of 
the residual crude mixture indicated the ratio of iso-78 and n-79 to be less than 95:5 
in favour of iso regioisomer. The crude product was chromatographed on silica gel 
(cyclohexan-ethyl acetate 90:10 with 0.5 % Et3N) to afford iso-81 (138 mg, 69 %) as 
an oil. HPLC revealed that the enantiomeric excess of product was 91 %. 
Optical rotation: [ ]22D +100 (c 0.421, CHCl3). 
 
3-(1-Piperidinyl-2-propenyl)pyridine iso-83 
The typical procedure was followed with phosphite ligand (P,S)-(+)-59 
(7 mg, 0.010 mmol, 2 mol %), carbonate 82 (100 mg, 0.518 mmol) 
and piperidine (82 μl, 0.828 mmol, 1.6 equiv) in dichloromethane. The 
reaction was conducted at 35 °C for 12 h. The crude product was chromatographed 
on silica gel (cyclohexan-ethyl acetate 90:10 with 0.5 % Et3N) to afford iso-83 (68 mg, 
65 %) as an oil. Enantiomeric excess of product was 40 % as determined by 1H NMR 
(after addition of TFAE as a shift reagent).  
1H NMR: 1.38-1.48 (2 H, m), 1.48-1.59 (4 H, m), 2.22-2.31 (2 H, m), 2.34-2.47 (2 H, 
m), 3.74 (1 H, d, J = 8.8), 5.15 (1 H, dd, J = 10.0, 1.8), 5.22 (1 H, dd, J = 17.2, 2.4), 
5.82-5.95 (1 H, m), 7.21-7.26 (1 H, m), 7.67 (1 H, d, J = 8.0), 8.49 (1 H, dd, J = 4.8, 
1.5), 8.55 (1 H, d, J = 1.9).   
13C NMR: 24.62, 26.18, 52.33, 72.73, 117.09, 123.49, 135.48, 137.78, 139.17, 
148.49, 149.89.  
IR: 3084 w, 3058 w, 3006 m, 2937 vs, 2855 s, 2793 m, 2752 m, 1682 m (br), 1639 w, 
1589 w, 1578 w, 1477 m, 1468 m, 1454 m, 1443 m, 1425 m, 1418 m (sh), 1366 w, 
1310 m, 1186 w, 1153 m, 1109 m, 1040 m, 1027 m, 995 m, 926 m, 716 s . 
N
N
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EI MS: 202 (M+., 24), 175 (47), 124 (100), 91 (15), 78 (8), 65 (15), 41 (43). 
HR EI MS: calculated for C13H18N2 202.1470; found 202.1468. 
Optical rotation: [ ]22D +57 (c 0.403, CHCl3). 
The typical procedure was followed with phosphite ligand (P,S)-(+)-61 (6 mg, 
0.010 mmol, 2 mol %), carbonate 82 (100 mg, 0.518 mmol) and piperidine (82 μl, 
0.828 mmol, 1.6 equiv) in dichloromethane. The reaction was conducted at 35 °C for 
12 h. The crude product was chromatographed on silica gel (cyclohexan-ethyl 
acetate 90:10 with 0.5 % Et3N) to afford iso-83 (46 mg, 44 %) as an oil. Enantiomeric 
excess of product was 46 % as determined by 1H NMR (after addition of TFAE as a 
shift reagent). 
Optical rotation: [ ]22D +66 (c 0.312, CHCl3). 
The typical procedure was followed with phosphite ligand (P,S)-(+)-62 (6 mg, 
0.010 mmol, 2 mol %), carbonate 82 (100 mg, 0.518 mmol) and piperidine (82 μl, 
0.828 mmol, 1.6 equiv) in dichloromethane. The reaction was conducted at 35 °C for 
12 h. The crude product was chromatographed on silica gel (cyclohexan-ethyl 
acetate 90:10 with 0.5 % Et3N) to afford iso-83 (74 mg, 70 %) as an oil. Enantiomeric 
excess of product was 93 % as determined by 1H NMR (after addition of TFAE as a 
shift reagent). 
Optical rotation: [ ]22D +122 (c 0.420, CHCl3). 
 
Typical procedure for hydroformylation of styrene 
A typical procedure is given for the reaction of styrene 67 with Rh(acac)(CO)2 
and phosphite ligand (P,S)-(+)-59 in dichloromethane (Scheme 5.1, Table 5.1).  
To a solution of Rh(acac)(CO)2 (1 mg, 0.004 mmol, 1 mol %) in 2 ml of 
dichloromethane in a vial was added (P,S)-(+)-59 (13 mg, 0.019 mmol, 5 mol %). The 
solution was stirred with magnetic stirrer for 5 min and then charged with styrene (40 
mg, 0.384 mmol) and dodecane (20 mg, 0.117 mmol, 30 mol %). The vial was 
transferred to the autoclave, pressurised and heated to 50 °C for 20 h. Then the 
autoclave was cooled down to room temperature, depressurised, flushed with argon 
and opened to obtain a sample for GC analysis. GC conditions: carrier gas 50 kPa 
He, temperature program of 100 °C for 5 min, then 4 °C/min to 160°C and 20 °C/min 
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to 200°C; retention times: 8.69 min for styrene, 16.26 min for dodecane, 18.02 min 
for (R)-2-phenylpropanal, 18.28 min for (S)-2-phenylpropanal (iso-68) and 21.8 min 
for the product n-69.120  
Typical procedure for hydroformylation of 4-chlorostyrene 
A typical procedure is given for the reaction of 4-chlorostyrene 70 with 
Rh(acac)(CO)2 and phosphite ligand (P,S)-(+)-59 in dichloromethane (Scheme 5.2, 
Table 5.2).  
To a solution of Rh(acac)(CO)2 (1 mg, 0.004 mmol, 1 mol %) in 2 ml of 
dichloromethane in a vial was added (P,S)-(+)-59 (13 mg, 0.024 mmol, 5 mol %). The 
solution was stirred with magnetic stirrer for 5 min and then charged with 4-
chlorostyrene (50 mg, 0.361 mmol) and dodecane (25 mg, 0.146 mmol, 30 mol %). 
The vial was transferred to the autoclave, pressurised and heated to 50 °C for 20 h. 
Then the autoclave was cooled down to room temperature, depressurised, flushed 
with argon and opened. Subsequently, a solution of NaBH4 (3 mg, 0.072 mmol, 20 
mol %) in EtOH (2 ml) was added to the reaction mixture. The solution was stirred for 
30 min at room temperature, then it was qeunched with water and extracted with a 
1:1 solution of ethyl acetate:hexane. The organic layer was separated and dried over 
anhydrous Na2SO4. Volatiles were removed in vacuo to afford a sample of the 
corresponding alcohols for determination of enantioselectivity of the branched 
derivative by chiral GC analysis. GC conditions: carrier gas 50 kPa He, temperature 
program of 150 °C for 80 min; retention times: 45.1 min for (R)-2-(4-
chlorophenyl)propanol, 46.3 min for (S)-2-(4-chlorophenyl)propanol.84,121 
Typical procedure for hydroformylation of vinyl acetate 
A typical procedure is given for the reaction of vinyl acetate 73 with 
Rh(acac)(CO)2 and phosphite ligand (P,S)-(+)-59 in acetone (Scheme 5.3, Table 
5.3).  
To a solution of Rh(acac)(CO)2 (1 mg, 0.004 mmol, 1 mol %) in 2 ml of 
acetone in a vial was added (P,S)-(+)-59 (14 mg, 0.020 mmol, 5 mol %). The solution 
was stirred with magnetic stirrer for 5 min and then charged with vinyl acetate (35 
mg, 0.407 mmol). The vial was transferred to the autoclave, pressurised and heated 
to 50 °C for 20 h. Then the autoclave was cooled down to room temperature, 
depressurised, flushed with argon and opened to obtain a sample for GC analysis. 
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GC conditions: carrier gas 50 kPa He, temperature program of 100 °C for 5 min, then 
4°C/min to 160 °C and 20 °C/min to 200 °C; retention times: 2.40 for vinyl acetate, 
6.76 (S) and 8.56 (R) min for the enantiomers of the product iso-74, 11.50 for the 
product n-75.122 
 
HPLC analyses of the epimerisation process 
HPLC on a chiral stationary phase was used to monitor the kinetics of the 
(P,S)-10 (M,S)-10 epimerisation. A small sample (approx. 2 mg) of a 44:56 
mixture of (P,S)-10 and (M,S)-10 obtained from [2+2+2] cycloisomerisation of (S)-(-)-
9 at room temperature was placed in a Schlenk flask and dissolved in decane (7 ml). 
The Schlenk flask was warmed to the desired temperature in an oil thermostat. 500 
μl samples were taken at periodic intervals and stored at -78 oC prior to HPLC 
analysis (Daicel CHIRALCEL OD-H (250 x 4.6 mm); heptan/2-propanol = 90/10; flow 
rate = 0.7 ml/min; detection wave lenght = 254 nm, 25 °C, detector CHIRALYSER). 
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11. Abbreviations 
Ac   acetyl 
AIBN   azobisisobutyronitrile 
n-Bu   n-Butyl 
cat.   catalytic amount 
COD   1,5-cyclooctadiene 
Cp   cyclopentadienyl 
DCE   1,2-dichloroethane 
DCM   dichloromethane 
DDQ   1,2-dicyano-4,5-dichlorobenzoquinone 
de   diastereomeric excess 
DMSO  Dimethyl sulfoxide 
dr   diastereomeric ratio 
ee   enantiomeric excess 
eq.   equivalent 
Et   ethyl 
HMPA  hexamethylphosphoramide 
hν   irradiation 
i-Pr   isopropyl 
LDA   lithium diisopropylamide 
LiHMDS  lithium hexamethyldisilazane 
Me   methyl 
Mp   melting point 
op   optical purity 
Ph   phenyl 
p-Tol   p-tolyl 
rt   room temperature    
THF   tetrahydrofuran 
TIPS   triisopropylsilyl 
TMS   trimethylsilyl 
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